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1. Scope

11 | dentification

This specification establishes the performance requirements for the Federal Aviation
Adminigration (FAA) Performance Type (PT) 1 Locd Area Augmentation System (LAAS)
Ground Facility (LGF). Requirements contained within this specification are the basis to

augment the Globa Positioning System (GPS) to provide precision gpproach capability down to
Category | minimums. The performance requirements are consistent with those requirements
defined in the Requirements Document for the GPS Loca Area Augmentation System
(GPSILAAYS) (FAA, 1997), the Minimum Aviation System Performance Standards (MASPS) for
the LAAS (RTCA/DO-245, 1998), and the Minimum Operationa Performance Standards
(MOPS) for the LAAS (RTCA, draft verson 14). Some functiond requirements are embedded
in the LGF performance requirements.

1.2 System Overview

The LGF isasafety-criticd system consisting of the hardware and software that augments the
GPS Standard Positioning Service (SPS) to provide for precision approach and landing capability
in the United States Nationa Airspace System (NAS). The positioning service provided by GPS
isinsufficient to meet the integrity, continuity, accuracy, and availability demands of precison
gpproach and landing navigation. The LGF, usng differentid GPS concepts, augments the GPS
SPSin order to meet these requirements.

The GPSLAAS, as an integrated system, is maintained as three separate segments (illustrated in
Figure 1-1): @) the LGF; b) the Space Segment; and c) the Airborne Subsystem. The LGF
provides differentid corrections, integrity parameters, and precision gpproach pathpoint data that
are broadcast viaa Very High Frequency (VHF) Data Broadcast (VDB) to the Airborne
Subsystem for processing. The Space Segment provides the LGF and Airborne Subsystem with
GPS and Satellite- Based Augmentation System (SBAS) ranging signals and orbita parameters.
The Airborne Subsystem gpplies the LGF corrections to the GPS and SBAS ranging Sgnadsto
obtain position with the required accuracy, integrity, continuity, and availability. The
differentialy corrected postion is used, aong with pathpoint deta, to supply deviaion sgnasto
drive appropriate aircraft systems supporting precision gpproach.

The LGF provides FAA Airway Facilities and Air Traffic with detailed status information and a
maintenance and control capability. Status and control capabilities are executed through either a
Maintenance Data Termind (MDT) or a Remote Maintenance Interface (RMI). The MDT
display is provided as part of the LGF, while the RMI will dlow for future integration with a
remote maintenance monitoring capability. Additiondly, the L GF sends status information to
FAA Air Traffic Control (ATC) viaan Air Traffic Control Unit (ATCU). The ATCU provides
ar traffic controllers with LGF status information and runway control capabilities. For

mai ntenance purposes, L GF gatus information is available viathe Locd Status Pand (LSP) and
the Remote Status Pandl (RSP).
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Figure 1-1. Locd Area Augmentation System

1.3 Document Overview

Theformat of this document complies with FAA-STD-005E, MIL-STD-961D, and MIL-STD-
962C. Section 1 providesagenera overview of the LGF and ahigh-leve introduction to the
requirements for implementing operationa satellite-based precison approach. Section 2 liststhe
documents from which requirements are referenced or derived. Section 3 containsthe
performance, functiond, operationa, and maintenance requirements for the LGF. Section 4
contains verification requirements for both hardware and software. Appendix A contains details
of the Interference Environment. Appendix B provides Configuration Management and Qudity
Control conditions. Appendix C isthe Verification Requirements Traceability Matrix.

Appendix D supplies aligting and expansion of acronyms. Appendix E provides information on
the Assumed Airborne Processing. Appendix F supplies information on the operationd
environment to aid in proper integration with existing facilities and procedures. Appendix G
provides the Integrity Risk and Continuity Risk Allocation trees. Exceptions to RTCA/DO-246
are contained in Appendix H. The definitions for the Find Approach Segment arelocated in
Appendix |. Appendix J provides alisting of documents normally required for a government-
procured the LGF.

2. Applicable Documents

The following documents form a part of this oecification and are gpplicable to the extent
specified herein. In case of conflict between referenced documents and the contents of this
specification, the contents of this specification shdl take precedence.
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2.1 Gover nment Documents

211 Specifications

2111 Federal Aviation Administration

Federd Aviation Adminidration. (1993). Electronic equipment, general requirements (FAA-G-
2100F). Washington, DC: U.S. Government Printing Office.

Federd Aviation Adminigration. (1996). Electrical work, interior (FAA-C-1217F).
Washington, DC: U.S. Government Printing Office.

Federd Aviation Adminigration. (1975). Technical instruction book manuscripts. electronic
equipment requirements for part - preparation of manuscript (FAA-D-2494B).
Washington, DC: U.S. Government Printing Office.

Federd Avigion Adminigration. (1997). Wide area augmentation system (WAAS) specification
(FAA-E-2892B). Washington, DC: U.S. Government Printing Office.

2.1.1.2 Department of Transportation

Department of Trangportation. (1995). GPS standard positioning service (SPS) signal
specification.

21.2 Standards

2121 Federal Aviation Administration

Federd Aviation Adminigration. (1991). Standard engineering drawing preparation and
support (FAA-STD-002). Washington, DC: U.S. Government Printing Office.

Federd Aviation Adminigration. (1996). Design standards for national airspace system
physical facilities (FAA-STD-032D). Washington, DC: U.S. Government Printing
Office.

Federd Aviation Adminigration. (1962). Paint systems for structures (FAA-STD-003).
Washington, DC: U.S. Government Printing Office.

Federd Aviation Adminigration. (1994). Quality control program requirements (FAA-STD-
013D). Washington, DC: U.S. Government Printing Office.

Federd Aviation Adminigration. (1996). Sandard practice preparation of specifications,
standards and handbooks (FAA-STD-005¢e). Washington, DC: U.S. Government
Printing Office.
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Federd Aviation Adminigration. (1992). Transient protection, grounding, bonding and
shielding requirements for electronic equipment (FAA-STD-020B). Washington, DC:
U.S. Government Printing Office.

2122 Military

Department of Defense. (1997). Configuration management guidance (MIL-HDBK-61).
Washington, DC: U.S. Government Printing Office.

Department of Defense. (1995). Department of defense standard practice for defense
specifications (MIL-STD-961D). Washington, DC: U.S. Government Printing Office.

Department of Defense, (1995). Department of defense standard practice defense standards
and handbooks (MIL-STD-962C). Washington, DC: U.S. Government Printing Office.

2.1.3 Federal Aviation Adminigtration Orders

Federd Aviation Adminigration. (1998). Electrical power policy implementation at national
airspace system facilities (FAA Order 6950.2D). Washington, DC: U.S. Government
Printing Office.

Federd Aviation Adminigtration. (1999). Federal aviation administration information systems
security program (FAA Order 1370.82 Draft Version, dated 7/29/99). Washington, DC:
U.S. Government Printing Office.

Federd Aviation Adminigration. (1991). General maintenance handbook for airway facilities
(FAA Order 6000.15B). Washington, DC: U.S. Government Printing Office.

Federd Aviation Adminigtration. (1991). NAS configuration management (FAA Order
1800.8F). Washington, DC: U.S. Government Printing Office.

Federd Aviaion Adminigration. (1983). Radiation health hazards and protection (FAA Order
3910.3A). Washington, DC: U.S. Government Printing Office.

2131 Other Government Documents

Nationd Indtitute of Science and Technology. (1999). CS2 protection profile for near-term
COTS. Washington, DC: U.S. Government Printing Office,

Federd Aviation Adminigtration. (1999). LAAS concept of operations (draft version 4.7).
Washington, DC: U.S. Government Printing Office.

Federd Aviation Administration. (1985). Obstruction marking and lighting (FAA AC 70/7460-
1J). Washington, DC: U.S. Government Printing Office

Federd Aviation Adminigration. (1997). Requirements document for the GPSlocal area
augmentation system (GPSLAAS). Washington, DC: U.S. Government Printing Office.
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Federa Aviation Adminigiration. (1986). Specification for obstruction lighting equipment (AC
150/5345-43E). Washington, DC: U.S. Government Printing Office.

2.2 Non-Gover nment Documents

Internationa Civil Aviaion Organization. (1999). Ground based augmentation system
standards and recommended practices. Proceedings of the Globa Navigation Satellite
System Panel (GNSSP) Third Meeting, Montreal, Canada 12 to 23 April 1999, Report on
Agendaltem 1.

RTCA, Incorporated. (1998). GNSS based precision approach local area augmentation system
(LAAS) signal-in-space interface control document (RTCA/DO-246). Washington, DC:
RTCA, Incorporated.

Electronic Industries Association. (1991). Interface between data terminal equipment and data
circuit-terminating equipment employing serial binary data interchange (EIA/TIA-232-
E).

Electronic Industries Association. National consensus standard for configuration management
(EIA-649).

Nationd Fire Protection Association. (1996). NFPA 70, national electrical code (1996 ed.).
Quincy, MA: Nationd Fire Protection Association.

RTCA, Incorporated. (1999). Minimum operational performance standards for global
positioning systemylocal area augmentation system airborne equipment (RTCA/DO-
XXX draft 14). Washington, DC: RTCA, Incorporated.

RTCA, Incorporated. (1998). Minimum operational performance standards for global
positioning system/wide area augmentation system airborne equipment (RTCA/DO-
229A). Washington, DC: RTCA, Incorporated.

RTCA, Incorporated. (1998). Minimum aviation system performance standard for the local
area augmentation system (LAAS) (RTCA/DO-245). Washington, DC: RTCA,
Incorporated.

RTCA, Incorporated. (1993). Software considerations in airborne systems and equipment
certification (RTCA/DO-178B). Washington, DC: RTCA, Incorporated.

3. Requirements

This section prescribes functiond and performance requirements. Functiond requirements, and
their groupings, do not imply alocation of functiondity to hardware and software desgn. No
design or dgorithms are specified, except where required to establish interoperability.
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31 L ocal Area Augmentation System Ground Facility General Requirements

311 Coverage Volume

The LGF agpproach coverage volume is defined to be the volume of airspace where the LGF
meetsthe Sgna strength, accuracy, integrity, continuity, and availability requirements of this
specification. The LGF will provide the level of service necessary to support Category 1
operationsto al runways at agiven airport. The VDB isrequired to broadcast an
omnidirectional signa to accommodate termina and surface navigation, surveillance, and other
users requiring Pogtion, Vdocity, and Time (PVT) information, but may be limited by the
existence of terrain or obstacles on or around the airport.

3111 Approach Coverage Volume

When the indaled onchannd assigned power is st to the lower monitor limit, the LGF shal
meet the minimum field strength requirements of Section 3.2.2.4 for each Category 1 gpproach
(depicted in Figure 3-1). The approach and missed gpproached coverage volume shall be:

a.  Approach:

1.  Laterdly beginning a 450 ft each Sde of the Landing Threshold Point (LTP) or
Fictitious Threshold Point (FTP) and projecting out + 35° ether Sde of thefind
approach path to a distance of 20 nm from the LTP/FTP.

2. Vaeticdly, within the lateral region, between 10,000 ft Above Ground Level
(AGL) and the planeinclined at 0.9° originating a the LTP/FTP and down to 50
ft above the runway.

b. Missed Approach:

1. Laterdly £ 1.0 nm ether Sde of the runway centerline from the approach end of
the runway to 4.0 nm beyond the departure end of the runway.

2. Veticdly, within the latera region, between 10,000 ft AGL and the plane
inclined at 0.9° above the horizonta plane and passing 50 ft above the LTP/FTP
level dong ahorizontd plane to the Hight Path Alignment Point (FPAP), then
continuing aong a horizonta plane inclined at 0.9°.

Note: Missed approach coverage may be affected by the siting of the VDB antenna.
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Figure 3-1. Approach Coverage Requirements

3112 Very High Frequency Data Broadcast Coverage Volume

31121 Lowe Alarm Limit

The LGF shdl meet the minimum field strength requirements of Section 3.2.2.4 when thereisno
blockage of line of Sght dueto locd terrain or obstacles, given aflat ground plane with a
reflectivity of 0.9, when the on-channe power is st to the lower darm limit, and within the
following coverage volume:

a Laedly:
1.  encompassing 360° around the VDB antenna,
2. beginning a 200 m from the VDB antenna, and
3.  extendingto 23 nm,

b. Veticdly, within the laterd region:

1. within 3 nm of the VDB antenna, between the horizontal plane 12 ft above the
ground at the antenna and a conica surfaceinclined at 85° above the horizontal
plane, up to aheight of 10,000 ft and

2. from 3 nmto 23 nm, between 10,000 ft AGL and a conicd sufacethat isindined
at 0.9° above the horizontd plane with an origin 274 ft below the ground at the
antenna.

3.1.1.2.2 Nominal Power

The LGF shdl not exceed the maximum field strength requirements of Section 3.2.2.4 when
there is no blockage of line of Sght dueto local terrain or obstacles, given afla ground plane



coverage volume specified in Section 3.1.1.2.1.

Figure 3-2 depicts a representation of the VDB coverage volume,
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Figure 3-2. Locd Area Augmentation System Ground Fecility Coverage Volume

312

3121

Integrity

Integrity of Ranging Sour ces

The probability that the LGF transmits Mideading Information (MI) for 3 seconds or longer due
to aranging source failure shall not exceed 1.4x10° during any 150-second approach interval.
This requirement has been alocated as shown in the Integrity Risk Allocation Tree (Appendix
G) and to the requirementsin

a
b
C.
d

3122

Section 3.2.1.2.7.3.1,
Section 3.2.1.2.7.3.2,
Section 3.2.1.2.7.3.3, and
Section 3.2.1.2.7.3.4.

Integrity of the Ground Facility

The probability that the L GF broadcasts erroneous data, or that one or more falures exist that
affect the smoothed pseudorange corrections (pr_sca) from more than one Reference Receiver
(RR) for 3 seconds or longer shall not exceed 1x10°® in any 150-second interval. Erroneous data

are defined as data that do not meet the requirements in the following sections:

Earth
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Section 3.2.1.2.1,

Section 3.2.1.2.7.1,

Section 3.2.1.2.7.5,

Section 3.2.1.2.7.6 (parent paragraph only),
Section 3.2.1.2.7.7 (parent paragraph only),
Section 3.2.1.2.7.8,

Section 3.2.1.3.5,

Section 3.2.1.3.6,

Section 3.2.1.3.7,

Section 3.2.1.3.8,

Section 3.2.1.3.9,

[.  Section 3.2.1.3.10, and

m. Section 3.2.1.4.

Qe o a0 T @

Note: Failure to satisfy the overbounding requirement of Section 3.2.1.2.7.7 due to an LGF
failure or change in local environment (i.e., multipath) as described in Section 3.2.1.2.7.7.1is
included in the 10°® per approach allocation. The performance of the LGF monitor, together
with the underlying probability that such a condition exists, isincluded in the 10°® per approach.
Risk that s |gr does not meet the requirement in Section 3.2.1.2.7.7 under fault-free conditions
(both system and local environment), and risk that Sepatial_dec DOUNdS Spatial decorrelation errors,
are not included in the 10°® per approach. These riskswill be managed as part of the LGF
qualification.

3.1.23 Integrity of a Single Reference Receiver

The probability that an undetected failure exists that affects any smoothed pseudorange, any
predicted range, or any smoothed pseudorange correction from asingle RR shall not exceed
1x10° in any 150-second interval.

3.1.24 L atent Failures

Compliance with requirementsin Sections 3.1.2.1, 3.1.2.2, and 3.1.2.3 shdl account for the
probability that the associated monitors have failed.

313 Continuity

3131 Very High Frequency Data Br oadcasting Transmisson Continuity

The probability of an unscheduled interruption of the VDB transmission, where messages are not
transmitted in accordance with Section 3.2.2 for a period equd to or greater than 3 seconds, shall
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not exceed 1x10°® in any 15-second interval. On average, the LGF shdll transmit at least 999
correctly formatted messages out of 1000 consecutive messages.

3.1.3.2 Reference Recaiver and Ground I ntegrity Monitoring Continuity

The probability that the number of valid B-vauesis reduced for any valid ranging source within
the reception mask shall not exceed 2.3x10°° in any 15-second interval.

3.1.3.3 L atent Failures Affecting Continuity

If redundant equipment is used to meet the requirementsin Sections 3.1.3.1 and 3.1.3.2,
compliance shdl account for the probability that the redundant equipment has failed.

314 States and M odes

3141  States
The LGF shdl provide the following two States:

a.  LGFOn: Main or supplementa power is gpplied to the LGF equipment and
b. LGF Off: No power isapplied to the LGF equipment.

Only one state shall exist a atime.

3142 Modes
The LGF shdl provide the following modes while in the On State:

a Normd,
b. Not Avalable and
c. Ted.

There are no modes when the LGF isin the Off State.

Only one mode shdl exigt a atime. The LGF shdl automaticdly trangition from Norma to Not
Available when there is an darm condition.

3.14.3 Normal Mode

The LGF shdl bein the Norma Mode when Test Mode has not been commanded and an darm
does not exist. The cgpability for the following conditions and actions to coexist within the
Norma Mode shdl include, but is not limited to:

a.  Conditions:
1. Alert (Section 3.1.5.1.2)
2.  SeviceAlert (Section 3.1.5.1.3)

10
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3. Congédlation Alert (Section 3.1.5.1.4)
b. Actions
1.  Approach Control (Sections 3.3.2.3.15 & 3.3.25.1)
2. Periodic Maintenance (Section 3.3.1.6.3)
3. Nonintrusve diagnostics (Section 3.3.2.3.19)
4. LRU Replacement (Section 3.3.1.6.2.2)
5.  DataRecording (Section 3.3.3)
6.  Status monitoring (Sections 3.3.2.3.2, .3, 4,.7- .9, .12, .14, .16, .18, & .20)
7.  User ID and password change (Section 3.3.1.7.2)
8.  Adjustment storage (Section 3.3.2.3.21)
9.  Fault recovery (Section 3.1.5.1.1)
c. Trangtion Criteria
1.  Entering Norma Mode:
a  Enter Norma Mode from Off State (power applied)
b)  Enter Normal Mode from Test Mode (Norma Mode commanded)
c¢) Enter Norma Mode from Not Available Mode (Auto reset or Fault recovery
commanded)
2. Exiting Normd Mode:

3144

a)  Exit Normad Modeto Not Available Mode (darm)
b) Exit Norma Modeto Test Mode (Test Mode commanded)

Not Available M ode

The LGF shdl bein the Not Available Mode when an dlarm exigs and when itisnot in Test
Mode. The cgpability for the following conditions and actions to coexist within the Not
Available Mode shdl include, but is not limited to;

a  Condition:
1.  Alarm (Section 3.1.5.1.5)

b. Actions
1. Automatic Restart (Section 3.1.5.1.5.1)
2.  States and modes display (Section 3.1.4)
3. System power display (Section 3.3.2.3.7)
4.  System eventsrecording (Section 3.3.3.1)

c. Trandtion Criteria

1.

Entering Not Available Mode:

11
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a)  Enter Not Available Mode from Norma Mode (darm)
b)  Enter Not Available Mode from Test Mode
Exiting Not Available Mode:

a)  Exit Not Avallable Mode to Norma Mode (following auto restart or fault
recovery)

b)  Exit Not Available Mode to Test Mode (Test M ode commanded)

3145 Test Mode

Test Mode shal be defined as when the LGF is undergoing either maintenance or test. Whilein
Test Mode, the VDB shdl be cgpable of broadcasting al message types asif in the Normd or
Not Avallable Mode. The LGF shdl enter Test Mode when commanded by a maintenance
specidigt. The capability for the following conditions and actions to coexist within the Test
Mode shdl include, but is not limited to:

a. Conditions:
1.  Alert(Section3.15.1.2)
2. ServiceAlert (Section 3.1.5.1.3)
3.  Congdlation Alert (Section 3.1.5.1.4)
4.  Alarm (Section 3.1.5.1.5)

b. Maintenance and test actions:

Restart the LGF (Section 3.3.2.3.1.1)

Intrusive and nontintrusive diagnostic control (Section 3.3.2.3.19)
Trouble shooting (Section 3.3.1.5)

Site specific parameter change (Sections 3.3.2.3.6 & 3.3.2.3.13)

Alert, service dert, congtellation dert, and darm threshold change (Section
3.3.2.3.10)

Redundant equipment status change (Section 3.3.2.3.17)

Monitor by-pass (Section 3.3.2.3.11)

VDB by-pass (Section 3.3.2.3.5)

Approach control (Section 3.3.2.3.15 & 3.3.25.1)

Periodic maintenance (Section 3.3.1.6.3)

LRU replacement (Section 3.3.1.6.2.2)

Data recording (Section 3.3.3)

Status monitoring (Sections. 3.3.2.3.2, .3, 4, .7- .9, .12, .14, .16, .18, & .20)
User ID and password change (Section 3.3.1.7.2)

12



15. Adjustment storage (Section 3.3.2.3.21)

16.

c. Trandtion Criteria

1.  Entering Test Mode:

Fault recovery (Section 3.1.5.1.1)
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a)  Enter Test Mode from Norma Mode (Test Mode commanded)

b)  Enter Test Mode from Not Available Mode

2.  Exiting Tet Mode:

a)  Exit Test Mode to Norma Mode (Norma Mode commanded)
b)  Exit Test Modeto Not Available Mode

Upon exiting the Test Mode, the LGF shdll revert to either the Norma or Not Available Mode,
depending on the existence of an darm.

The fallowing figure, Fgure 3-3, illudirates the alowable conditions and actions within LGF

States and Modes.

LGF Off State

LGF On State

l

Normal Mode

Conditions:

Alerts

Service Alerts
«CongtellationAlerts
Actions:

«Approach Control
<PeriodicMaintenance
*Non-intrusive Diagnostics
L RU Replacement

«Data Recording
«StatusMonitoring
*User ID & Password Change
«Adjustment Storage
Fault Recovery

Figure 3-3. Loca Area Augmentation System: States and Modes

chchchchch

uuuuuuuuu

Not Availabl€]
Mode

Condition:
“Alarm

Actions:
*Automatic Restart

«States and Modes Display
«System Power Display
«System Events Recording

TestMode
Commanded
ndition
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Conditions:
“Alerts
«Service Alerts
«CongtellationAlerts
“Alams
Actions:
*Reset
«Intrusive and Non-Intrusive Diagnostic Control
«Trouble Shooting
«Site Specific Parameter Change
«Alertsand Alarm Threshold Change
*Redundant Equipment Status Change
*Monitor By-Pass
VDB By-Pass
*Approach Control
*Periodic Maintenance
L RU Replacement
*Data Recording
*StatusMonitoring
*User ID and Password Change
*Adjustment Storage
Fault Recovery
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3.15 Executive M onitoring

3.151 Fault M onitoring

The LGF shdl teke the identified action for each fault condition identified in Table 3-1 and
Table 3-2. Additiona performance checks and system monitors may be required to meet the
integrity requirements of Sections 3.1.2.2 and 3.1.2.3.

Table 3-1. Fault Conditions and Actions

Section | Fault | Action
Ranging Source
3212731(9 Signal deformation Exclude ranging source from Type 1 Message broadcast.
3212731 (b) Radio Frequency Interference Exclude PRy, from Pseudorange Correction (PRC) and B-
32127.32(39 value calculation, exclude ranging source from Type 1

Message broadcast, or exclude all measurements from RR
from PRC and B-value calculation.

3212731(c)/ Signal level below threshold Exclude ranging source from Type 1 Message broadcast.
3212732 (b)
321.27.31(dy Code and carrier divergence Exclude ranging source from Type 1 Message broadcast.
3.21.2.7.3.2(c)
3212731/ Excessive acceleration, step, or Exclude ranging source from Type 1 Message broadcast.
3.21.2.7.3.2(d) other rapid changes on code or
carrier
Corrections
3212756.1(a Filters converged Exclude PR, from PRC and B-value cal culation.
3.21.2.75.6.1 (b, c) B-value exceeds limit Exclude PR,~ from PRC and B-val ue cal culation.
3.21.2.7.5.6.1(d) Pseudorange correction exceeds Exclude ranging source from Type 1 Message broadcast.
limit
3212761 Pseudorange correction rate Exclude ranging source from Type 1 Message broadcast.
exceeds limit
32127611 Faulted spr Exclude PRy, from PRC and B-value calculation, exclude

ranging source from Type 1 Message broadcast, or exclude all
measurements from RR from PRC and B-value calculation.

3212771 Faulted Spr gt Exclude PRy, from PRC and B-value cal culation, exclude
ranging source from Type 1 Message broadcast, or exclude all
measurements from RR from PRC and B-value calculation.

Data Broadcast

323(@) Disagreement between Terminate VDB output.
transmitted data

3.23(b) On-channel assigned power Terminate VDB output.
exceeds limits

3.23(c) 0.2% of messages not transmitted | Terminate VDB output.
inlast hour

3.2.3(d) No transmission for 3 seconds Terminate VDB output.

3.23(e) Transmitted data outside of Terminate VDB output.

assigned Time Division Multiple
Access (TDMA) timeslots

* Pseudorange (PR), where m indicates an individual RR and n indicates an individua ranging
source.

14
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Table 3-2. Vaid GPS and SBAS Navigation Data

Section Fault Action
3212733
@ Failed parity Exclude GPS ranging source from Type 1 Message
broadcast
(b) Bad I0ODC Exclude GPS ranging source from Type 1 Message
broadcast
(© HOW bit 18 set to “1” Exclude GPS ranging source from Type 1 Message
broadcast
(d) Data bitsin subframes 1, 2, or 3 set to | Exclude GPS ranging source from Type 1 Message
“o broadcast
(e Subframes 1, 2, or 3 set to default Exclude GPS ranging source from Type 1 Message
broadcast
) Preamble incorrect Exclude GPS ranging source from Type 1 Message
broadcast
(9) Navigation data inconsistent between | Exclude GPS ranging source from Type 1 Message
RRs broadcast
(h) Almanac differs from ephemeris by Exclude GPS ranging source from Type 1 Message
more than 7000 m at any point broadcast
) After vaid corrections computed, Exclude GPS ranging source from Type 1 Message
PRC or PRC rate exceeds limit broadcast
) Receive “Do Not Use” SBAS Exclude GPS ranging source from Type 1 Message
message broadcast
(9] Ephemeris CRC changes and IODE | Exclude GPS ranging source from Type 1 Message
does not broadcast
() GPSPRN =37 Exclude GPS ranging source from Type 1 Message
broadcast
Ephemeris not consistent to within Exclude GPS ranging source from Type 1 Message
250 m broadcast
3212734
(@ Failed parity Exclude SBAS ranging source from Type 1
M essage broadcast
(b) Navigation datainconsistent between | Exclude SBAS ranging source from Type 1
RRs M essage broadcast
(c) Almanac differs from ephemeris by Exclude SBAS ranging source from Type 1
more than 200 km at any point M essage broadcast
(d) SBAS positions changes more than Exclude SBAS ranging source from Type 1

0.12 min 4 minutes

M essage broadcast

(€)

No SBAS navigation message for 4
minutes

Exclude SBAS ranging source from Type 1
M essage broadcast

(f)

After vaid corrections computed,
PRC or PRC rate exceeds limit

Exclude SBAS ranging source from Type 1
M essage broadcast

()]

Receive ‘Do Not Use” SBAS
message

Exclude SBAS ranging source from Type 1
M essage broadcast

15
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3.15.1.1 Fault Recovery

Upon excluson of a sngle measurement, ranging source, or RR the LGF shall continue to

monitor the excluded single measurement, ranging source, or RR. For ranging source faults and
correction faultsin Table 3-1, except as noted in Section 3.2.1.2.7.7.1, the LGF shdl re-introduce
the excluded single measurement, ranging source, or RR when the fault no longer exigs. After
detecting aranging source fault, the probability of re-introducing the excluded sngle

measurement, ranging source, or RR when the fault condition persists shall be less than 1.94x10°.

3.1.5.1.2 Generation of Alerts

The LGF shdl generate an dert upon detecting afault that does not affect the ability of the
system to meet the integrity requirements of Section 3.1.2. Faults shdl include the ranging
source and correction faults identified in Tables 3-1, navigation datain Table 3-2, and
environmental sensor conditions exceeding the limits defined in Section 3.3.1.4. Alert thresholds
shdl be defined during the design process.

3.15.1.3 Generation of Service Alerts

A sarvice dert is defined as afault that could affect LGF service and requires corrective
maintenance. Service dert thresholds shal be defined during the design process.

3.15131 Continuity Faults

A sarvice dert shdl be generated when the LGF is unable to insure that the continuity
requirements of Section 3.1.3 can be met due to afault in any of the following items:

a man and sandby Line Replacegble Units (LRU)s,
b. hardware components,

c. internd firmware, and
d. uninteruptable power supply.

3.15.13.2 Environmental Faults

A sarvice dert shdl be generated when the thresholds for the following environmental sensors
are exceeded:

a.  smoke detector (Section 3.3.1.4.2),
b. Alternating Current (AC) power (Section 3.3.1.4.4), and
C. ingdetemperature (Section 3.3.1.4.5).

16
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3.1.5.1.4 Generation of Congtedlation Alerts

A congellation dert shdl be generated 20 minutes + 1 minute before aloss of service
avalability. Only losses of service predicted to be longer than 1 minute shall cause a
congdlation dert. Congellation aerts shal be based on arcraft equipage with Aircraft
Accuracy Desgnator B LAAS avionics. The probability that an ATCU provides a congtelation
dert while service is available shall be less than 1x10°%. The probability that an ATCU is not
provided with a constellation dert while service is not available shall be less than 1x10°2.

3.1.5.15 Generation of Alarms

The LGF shdl generate an darm when integrity requirements of Section 3.1.2 can not be
guaranteed. The LGF shdl generate an darm when the VDB monitor has detected any fault
identified in Section 3.2.3. When an darm is generated, the actionin 'd or actionsin 'a and '’
shdl be taken:

a.  the Number of Measurements Field is set to zero in the Type 1 Message or
b. theVDB output isterminated.

Alarm thresholds shal be defined during the design process.

3.15151 Automatic Restart

The LGF shdl atempt an automatic restart following an darm a 3 minutes+ 1 minute. If an
aarm condition still exigts following the restart attempt, restart shal be available only through
manua command viathe MDT.

3.1.6 Softwar e Design Assurance

All LGF software functions shal be compliant with the guidelines and objectives of the
gpplicable software level specified in “ Software Consderations in Airborne Systems and
Equipment Certification” (RTCA/DO-178B, 1993).

All software for the LGF shadl be Y ear 2000 (Y 2K) compliant. All software for the LGF shdl
accommodate any date between December 31, 1999 and December 31, 2049.

317 Complex Electronic Har dwar e Design Assurance

Complex eectronic hardware devices including, but not limited to, Application Specific
Integrated Circuits (ASICs) and Programmable Logic Devices (PLDs), shdl be produced with
structured development, verification, configuration management, and quality assurance
rocesses.

Theleve of production process rigor associated with complex eectronic hardware shall be based
on the contribution of the hardware to potentia failure conditions as determined by the System
Safety Assessment (SSA) process.

17



FAA-E-2937
September 21, 1999

All hardware for the LGF shdl be Y 2K compliant. All hardware for the LGF shall
accommodate any date between December 31, 1999 and December 31, 2049.

3.2 Data Broadcast

3.21 Broadcast Data Requir ements

All message types and fields shdl be in accordance with the field definitions, formats, and
protocols of "GNSS Based Precision Approach Loca Area Augmentation System (LAAS)
Signa-in-Space Interface Control Document (ICD)" (RTCA/DO-246, 1998), except as noted in
Appendix H.

All gtatic parameters to be broadcast and default values shal be stored in the LGF Non-Volatile
Memory (NVM). NVM sorage shdl be aminimum of 90 days without power applied.

3.211 L ocal Area Augmentation System M essage Block

The LGF shdl transmit the LAAS message block. The LAAS message block consists of the
Message Block Header, the Message, and the Cyclic Redundancy Check (CRC).

3.21.11 Message Block Header

321111 M essage Block | dentifier

The LGF shdl set the Message Block Identifier Field to 1010 1010 when not in Test Mode and
t0 1111 1111 whenthe LGF isin Test Mode.

321112 Ground Station | dentification

The Ground Station Identification Field shal denote the LGF station Identification (ID) stored in
LGF NVM.

321113 M essage Type | dentifier

The Message Type Identifier Field shal only denote Message Types 1, 2, or 4.

321114 M essage L ength

The Message Length Field shall denote the number of 8-bit words in the message block. The
message length includes the header, the message, and the CRC fidld.

3.21.12 Message
The LGF shdl transmit message types 1, 2, and 4.
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3.21.1.3 Cyclic Redundancy Check
The CRC Fidld shall denote the CRC ca culated on the message header and the message.

3.212 Type 1 M essage — Differential Corrections

The LGF shall broadcast the Type 1 Message once each frame. The LGF shdl provide the
capability to generate the ranging source measurement block for 18 ranging sources. Broadcast
of the Type 1 Message shdl occur no later than 0.5 seconds after the time indicated by the
Modified Z-count, corresponding to the corrections.

3.21.21 Modified Z-Count

The Modified Z-count Field shdl denote the reference time for dl the message parametersin the
Type 1 Message.

3.2.1.2.2 Additional M essage Flag

The Additional Message Flag Fidd shdl denote that additiona messages are not provided.

3.2.1.2.3 Number of Measurements

The Number of Measurements Fied shdl denote the number of ranging source measurement
blocks broadcast in the Type 1 Message.

3.2.1.2.4 Measurement Type

The Measurement Type Field shall denote the measurement typeis GPS L1 C/A code.

3.2.1.25 EphemerisCyclic Redundancy Check

The Ephemeris CRC Field shall apply the CRC computed for the ranging source associated with
the firgt ranging source measurement block in the Type 1 Message.

3.2.1.2.6 Source Availability Duration

The Source Availability Duration Field shdl denote the period that the ranging source will
remain within the reception mask associated with the first ranging source measurement block
relaive to the Modified Z-count.

3.21.26.1 Reception M ask

The reception mask for the LGF shal define the regon where corrections from ranging source
sgnds are broadcast. The nomina mask shdl include al devations from 5° to 90° and dl

azimuths from 0° to 360°, excluding the blockage effects of any obstacle protruding from the
horizonta plane.
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3.2.1.2.7 Ranqging Source M easurement Block

Thefirgt ranging source in the message shal sequence so that the ephemeris CRC and source
availability duration for each ranging sourceis tranamitted at least once every 10 seconds, except
when new ephemeris data are received from aranging source. When new ephemeris data are
received from aranging source, the LGF shdl broadcast the new ephemeris data for that ranging
source in three consecutive Type 1 Messages. When new ephemeris data are received from more
than one ranging source, the first ranging source in the Type 1 Message shall sequence so that

the ephemeris CRC and source availability duration for each ranging source are transmitted at

least once every 27 seconds.

321271 Ranqing Sour ce | dentification

The Ranging Source ID Fdd shdl denote the satellite pseudorandom number assigned to the
ranging source associated with the ranging source measurement block.

321272 Ranging Signal Sources

The LGF shdl be capable of processing

a.  GPSSPSdgnds, asdefined in the GPS SPS Signa Specification and

b. SBASsdgnds, asdefined in the Wide Area Augmentation System (WAAS)
Specification (FAA-E-2892B).

3.21.2.7.3 Conditionsfor Transmitting the Ranging Sour ce M easur ement Block

3.2.1.2.7.3.1 Valid Global Positioning System Ranging Sour ces

The LGF shal detect ranging source failures, a— e, that cause a pseudorange correction error
exceeding the vauesin Table 3-3 for dl dlowable arborne configurations defined in Appendix

E. The probability of missed detection for each failure, a— e, shall be £1x10°°. The LGF shall
cease broadcast of afailed ranging source measurement block within 3 seconds of the onset of
thefallure. Prior to broadcast of pseudorange corrections for aranging source when it entersthe
recepti on4mask, the LGF shdl detect each failure, a— e, with amissed detection probability of
£1.1x10™:

a. Theranging source is distorted by any of the following:

1 Each fdling edge of the positive chipsin the C/A codeis delayed by D seconds,
where 0 £ D £ 120 nanoseconds.

2. Each faling edge of the positive chipsin the C/A codeis advanced by D seconds,
where 0 £ D £ 120 nanoseconds.

3. The distorted C/A code is the output of a second order linear system that has the
standard C/A code as an input. The system is characterized by adamping factor,
s, and aresonant frequency, f4, as shown:
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C/A ( )2 Distorted
Code : 2pf, : CIA Code |
S +Zss+(2pf0)
1
where fo = % s? +(20f,)° and @

s isthe complex frequency used in Laplace transforms.

Each step, ey, in the input C/A sequence results in a second order step response
that is given by

olt)= e,j1- exp(- stlgoos2pt,t +—>—sn 2t iy ®
i & 20k, th

for this waveform,
0.8x10° £ s £ 8.8x10° nepers/second
4x10° £ f4 £ 17x10° cycles/second.

The distorted C/A code is the output of a second order linear system characterized
by a damping factor and a resonant frequency with an input of a modified

gandard C/A code, where every fdling edge of the positive chip in the modified
CIA codeis

a) ddayed by D seconds, where O £ D £ 120 nanoseconds
b) advanced by D seconds, where O £ D £ 120 nanoseconds

This waveform has the combined effects of items 1, 2, and 3, but the damping
factor and resonant frequency are varied over a smdler range, specificaly:

0.8x10° £ s £ 8.8x10° nepers/second
7.3x10° £ f4 £ 13x10° cycles/second.

Radio Frequency (RF) Interference (RFI) in excess of levels defined in Appendix A;
Signd levels below those specified in Section 2.3.4 of the GPS SPS Signa
Specification,

Code and carrier divergence; and
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e.

where S 1grn isfor therf” ranging source, as defined in Section 3.2.1.2.7.7,

3.2.1.2.7.3.2 Valid Space Based Augmentation System Ranging Sour ces
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Excessve acceleration, such as step or other rapid changes, of the code and carrier
phases on the differentia correction process.

Table 3-3. Error Vaues— Globd Postioning Sysem

Failure Condition Vdue
a 58 Spr_Igin
b 49
——S Idtn 5
m pr_lgf, ( )
C, d, and e 49 Spr Igf,n

n isthe ranging source index, and

N' has two vaues:
N' isequd to 1 when there isinterference on zero or one ranging source and

N' isequa to the number of ranging sourcesin the last broadcast Type 1 Message

when there isinterference on two or more ranging Sources.

The LGF shall detect ranging source failures, a— d, that cause a pseudorange correction error
exceading the valuesin Table 3-4. The probability of missed detection shall be £1x10°3. The
LGF shdl cease broadcast of afailed ranging source measurement block within 3 seconds of the
onset of thefailure. Prior to broadcast of pseudorange corrections for aranging source when it
enters the reception mask, the LGF shdl detect failures, a— d, with a missed detection
probability of £1.3x10%.

RFI in excess of levels defined in Appendix A,
Signd levels below those specified in Appendix 2, Section 2.6.5 of FAA-E-2892B;

a

b
C.
d

Code and carrier divergence; and

The impact of excessive acceleration, such as step or other rapid changes, of the code
and carrier phases on the differential correction process.

Table 3-4. Error Vaues— Space Based Augmentation System

Failure Condition Vdue
a 4.9
——S , N 6
\/m: pr _lgf, ( )
b, c, d 4.9 Spr 1gf, n
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3.2.1.2.7.3.3 Valid Global Positioning System Navigation Data

The LGF shall not broadcast the ranging source measurement block if

a

K.
l.

three or more parity errors have been detected in the previous 6 seconds, in accordance
with the parity agorithm equations defined in Section 2.5.2 of the GPS SPS Signal

Specification;

broadcast Issue of Data (10D) Ephemeris (IODE) does not match eight least-Sgnificant
bits of broadcast IOD Clock (I0DC);

bit 18 of the Hand-over-Word (HOW) is set to 1 (Section 2.4.2.2 of the GPS SPS Signd
Specification);

al data bits are zerosin subframes 1, 2, or 3;

default navigation data are being transmitted in subframes 1, 2, or 3 for that satellite
(Section 2.4.1.3 of the GPS SPS Signd Specification);

the preamble does not equd 8B (hexadecimd);
the same ephemeris and clock data were not used by al RRs to compute the PRC;

any point on the orbit defined by the broadcast ephemerisis more than 7000 m from the
orbit defined by the broadcast dmanec;

after vaid corrections were computed by the L GF, the pseudorange correction bound
(Section 3.2.1.2.7.5.6.1 [d]) or the pseudorange correction rate bound (Section
3.2.1.2.7.6.1) was exceeded at any time using the broadcast ephemeris data;

an SBAS within the reception masks broadcasts aMessage Type 2 — 5 and 24 indicating
“Do Not Use This GPS Satdllite” as defined in Section 2.1.1.4.3 of RTCA/DO-229A;

the ephemeris CRC changes and the IODE does not; or
the decoded GPS PRN is 37.

A new ephemeris shall be compared to the previoudy broadcast ephemeris, if available, and is

vaidated if the difference in satellite pogtion is less than 250 m and none of the conditionsa— k
exigs. Ephemerides shall be validated and gpplied within 3 minutes of receiving anew set, but

not before they have been continuoudy present for 2 minutes.

3.2.1.2.7.3.4 Valid Space Based Augmentation System Navigation Data

The LGF shall not broadcast the ranging source measurement block if

a

three or more parity errors have been detected in the previous 6 seconds, in accordance
with the parity agorithm equations defined in Appendix 2, Section 4.3.3 of FAA-E-
2892B;

the same ephemeris and clock data were not used by al RRsto compute the PRC;

the satdllite position defined by the broadcast ephemerisis more than 200 km from the
satdllite pogition defined by the broadcast dmanac;
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d. thedifferences between satdlite positions defined by any of the SBAS navigetion
messages broadcast in the previous 4 minutesis greater than 0.12 m;

e. morethan 4 minutes have dapsed Since reception of the SBAS navigation message;

f.  after vdid corrections were computed by the L GF, the pseudorange correction bound
(Section 3.2.1.2.7.5.6.1 [d]) or the pseudorange correction rate bound (Section
3.2.1.2.7.6.1) was exceeded at any time using the broadcast ephemeris data; or

g the SBAS satdlite for which the ranging source measurement block provides a
correction broadcasts aMessage Type O indicating “Do Not Use This SBAS Signd” as
defined in Section 2.1.1.4.1 of RTCA/DO-229A.

After confirming that none of the conditions a— g exigts, new SBAS navigation data shal be
used for subsequent measurements.

321274 | ssue of Data

The 10D Field shdl denote the IODE for GPS or 10D for SBAS associated with the ephemeris
data used to determine the broadcast correction.

3.21275 Pseudor ange Corrections

The Pseudorange Correction Field shal denote the broadcast pseudorange correction.

3.2.1.2.75.1 Smoothed Pseudorange

In Steady state, each pseudorange measurement from each RR shal be smoothed using the filter
1

PR(K) =€%9pa(k) +€ENN IPR(k- 1) +f (k) - f (k- D]
elNg e 7]

(7)
N=S/T
where PR istheraw pseudorange,
PR;  isthe smoothed pseudorange,
N is the number of samples,

S is the time filter constant, equa to 100 seconds,

T isthefilter sample interva, nomindly equd to 0.5 seconds and not to exceed 1
second,

f is the accumulated phase measurement,

k is the current messurement, and

k-1  isthe previous measuremen.
The raw pseudorange shdl be determined under the following conditions:
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a. Corrdator spacing between the early and the late correlators are 0.1 chip width
+0.02.

b. Thecodeloop iscarrier driven and of first order, or higher, and has a one-sded noise
bandwidth 3 0.125 Hz.

c. Thesrongest corrdation peak isacquired taking into account the affect of any
secondary peak found at any code offset within the entire code sequence.

3.2.1.2.75.2 Global Postioning System Predicted Range

The predicted range to each GPS ranging source shdl be computed from the corresponding RR
antenna phase center |location and the vaidated ephemeris. The ephemeris shdl be determined
in accordance with Section 2.5.4 of the GPS SPS Signd Specification.

3.2.1.2.75.3 Space-Based Augmentation System Predicted Range

The predicted range to each SBAS ranging source shdl be computed from the corresponding RR
antenna phase center location and the validated ephemeris. The postion of the ranging source
ghall be determined in accordance with Appendix 2, Section 4.4.11 of FAA-E-2892B.

3.2.1.2.7.5.4 Global Positioning System Smoothed Pseudor ange Correction

The smoothed pseudorange correction (PRy) for a GPS ranging source shdl be caculated using
the equation

PRe= R-PRs- tsv_gps (8)

where R isthe predicted range and
ts, gps IS the correction due to the satellite clock from the decoded GPS Navigation Data
in accordance with the dgorithms given in Sections 2.5.5.1 and 2.5.5.2 of the
GPS SPS Signd Specification.

lonospheric and tropospheric corrections shal not be applied to the smoothed pseudorange
correction.

3.2.1.2.7.55 Space-Based Augmentation Syssem Smoothed Pseudor ange Correction

The smoothed pseudorange correction (PRy) for an SBAS ranging source shdl be calculated
using the equation

PRe= R-PR;s- tsv_sbas (9)

wherets, snas 1S the correction due to the satellite clock from the decoded WAAS Navigation
Data Message Type 9 in accordance with the dgorithm given in Appendix 2,
Section 4.4.11 of FAA-E-2892B.

3.2.1.2.75.6 Broadcast Correction

The broadcast correction shall be caculated using the equations
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PR (1° 357 & PR e (10
PR_,(n,m)° PR, (n,m)- ——& PR (nm). (11)

cnl g

where PRy iSthe broadcast correction;

M(n) isthe number of dementsin st S;

PR«a ISthe carrier smoothed and receiver clock adjusted pseudorange correction;
n isthe satdlite index;

Sh isthe set of RRswith valid measurements for sadlite n;

m isthe RR index;

S isthe set of valid ranging sources tracked by dl RRs; and

N¢ isthe number of dementsin st S;;

given the following conditions
a. if N¢islessthan four, no corrections shal be provided in the Type 1 Message,
b. M shdl beat least three for the fault free configuration,
c. each RR measurement (m,n) used to determine the broadcast corrections shal be
updated at no lessthan a2 Hz rate, and
d. each RR measurement (m,n) used to determine the broadcast corrections shall be based

on identica signd processing techniques and tracking loop characterigtics.

3.2.1.2.75.6.1 Correction Errors

The LGF shall broadcast the ranging source measurement block when

a

smoothing filters have converged such that the magnitude of the one s pseudorange
correction error does not exceed 10 cm;

5.6s
the magnitude of the associated B-values does not exceed ﬁ—'gfl (12)
n -
for GPS ranging sources,
_ _ 56(s , |, - 0.15)
the magnitude of the associated B-values does not exceed J?\A_ (g I (13)
n -

for SBAS ranging sources, and
the magnitude of the pseudorange correction does not exceed 327.67 m.
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3.2.1.2.7.6 Pseudor ange Correction Rate

The Pseudorange Correction Rate Field shall indicate the pseudorange correction rate, defined to
be PRR:rr, based on the current and immediately prior broadcast corrections. The current and
immediately prior broadcast corrections shal compensate for changesin S and ephemeris
changes to eiminate rate spikes.

3.2.1.2.7.6.1 Condition for Valid Pseudorange Correction Rate

The LGF shdl not broadcast the ranging source measurement block if

a. thepseudorange correction rate exceeds £3.4 m per second or

b. the standard deviation of the error in the pseudorange correction rate, defined to be s prr,
exceeds 4.0 cm per second.

3.2.1.2.7.6.1.1 Pseudor ange Correction Rate M onitor

The LGF shdl not broadcast the ranging source measurement block if

Bore >5.65 . (M ()~ 1) (14)

1 o N
W”a;n PRR.,(n,i), given that (15)

il m

where BPRR (n, m) = I:)RRcorr (n) -

PRR« isthe carrier smoothed and receiver clock adjusted pseudorange correction rate
for anindividua receiver that is compensated for changesin S and ephemeris
and

Sprr isthe one sgma pseudorange correction rate error thet is established at
ingdlation.

3.21.2.7.7 Sigma Pseudor ange Ground

The s pr gna shal be broadcast for each ranging source so that

S pr_gnd = \/S pr_Igf2 +S spatial_dec2 (16)
where S spatial_dec isstored in the LGF NVM and

Spr_Igf is defined for each ranging source so that

a  theVertica Protection Limit (VPL)no and Latera Protection Limit (LPL)no bound
the user position error with an integrity risk not greater than those indicated in
Table 3-5 for auser located at the LGF reference point, given that the LGF isfault

27



FAA-E-2937
September 21, 1999

free and the locad multipath environment is congstent with that described in the
inddlation guiddines,

b. theVPLy; and LPLy1 bound the user pogtion error with an integrity risk not
greater than thoseindicated in Table 3-5 for auser located at the L GF reference
point, given that an undetected failure from a RR exigs that affects the smoothed
pseudorange corrections (PRs3), and

where VPLyo, LPL o, VPL 1, and LPL 4 are computed in accordance with Section
3.1.3.4.6 of RTCA/DO-245 with the exception that S pr gnd® S pr 1gf; the user
position is calculated in accordance with Section 3.1.3.4.5 of RTCA/DO-245 usng
any combination of four or more ranging sources, and the airborne contribution to

the corrected pseudorange error is assumed to be zero.

Table 3-5. Sigma Pseudorange Ground Detection Probabilities

Integrity Risk Maximum Number of Reference Receivers used to Formulate the
(probability) Broadcast Pseudorange Correcti ons used in the Associated Position
Solution
2 3 4
a. Fault free missed 8.33x10°° 6.25x10°° 5.01x10°
detection
b. Missed detection 1.67x10°® 1.88x10°° 2.00x10°

Under the minimum signal strength defined in Section 2.3.4 of the GPS SPS Signd Specification
and the standard interference environment defined in Appendix A, the accuracy of the LGF shdl
be such that conditionsaand b are met and

& w%e o0
C gao +aq€ = -
Spr_lgf( n)£cog Tz +(a2)2 :+b0 (17)

:
where q isthe " ranging source devation angle,

&, &, &, Jo, bo, and ¢y are the coefficients for the gpplicable Accuracy Designator
defined in Table 3-6, and

M is the number of corrections per ranging source.
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& & & Qo bo Co
meters | meters | meters | degrees | meters

Accuracy Designator B

GPS Satdlites 0.16 1.07 0.08 15.5 0 1.0

SBAS Sadlites 0.16 1.07 0.08 15.5 0.15 1.91
Accuracy Designator C

GPS Sadlites g, 35° 0.15 0.84 0.04 155 0 1.0

GPS Satellites gn< 35° 0.24 0 0.04 - 0 1.0

SBAS Sadlitesg,® 35° 0.15 0.84 0.04 155 A5 191

SBAS Satdlites < 35° 0.24 0 0.04 - 15 1.91

The accuracy requirement shall be met within the reception mask given in Section 3.2.1.2.6.1.
The sdlection of the parametersin Table 3-6 to which the LGF is designed will affect the
operaiond availability of the LGF and shdl be used to determine the accuracy designator, B or
C, used in the Accuracy Designator Field.

3.2.1.2.7.7.1 Condition for Valid Sgma Pseudorange L GF

The LGF shal detect conditions that result in noncompliance with conditions‘a and ‘b’ in
Section 3.2.1.2.7.7. If theincrease in system risk associated with degraded performance is
minimal, but exceeds design tolerances, the LGF shdl initiate aservice dert. The probability of
afdse service dert shall be adjustable, but set to achieve anomina false dert rate of 10 per
hour. If theincreasein sysem risk is not minimd, the LGF shdl exclude the offending RR or
shut-down the VDB, as gppropriate. An darm shal be issued when the VDB is shut-down, and
asavice dert shdl beissued when aRR isexcluded. Sdlf-recovery shal not be applied in either
case. The probebility of false RR exclusion or VDB shut-down shall equal 107 per 15-second
interval. In detecting these conditions, L GF performance over the previous one hour, one day,
one month, and since initidization shdl be used. Monitored parameters shal include the
digribution of B-values and correlation between RRs.

321278 B-Values

The B-Vaue Field shdl denote the B-vaue caculated usjng the equation

a PR_ (nl)

B_(n,m° PR_ (n)- M() 1|%

(18)
where Bpr(n,m) is the estimate of the error contribution to the average correction from RR m.

3.213 Type 2 M essage — Differential Refer ence Point

The LGF shall broadcast the Type 2 Message at least once every 10 seconds.
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3.2.1.3.1 Installed Receivers
The Ingdled Receivers Fidd shdl denote the number of ingtdled recaivers sored in LGF NVM.

3.2.1.3.2 Accuracy Designhator

The Accuracy Designator Field shdl denote the accuracy designator stored in LGF NV M.

3.2.1.3.3 Continuity and Integrity Designator

The LGF Ground Continuity and Integrity Designator (GCID) Fied shdl denote the LGF GCID.
The LGF GCID shdl be 001 when no darm exists. The LGF GCID shdl be 111 when an dlarm
exigs.

3.2.1.34 Local Magnetic Variation

The Locd Magnetic Variation Field shal denote the locd magnetic variation stored in LGF
NV M.

3.21.35 Réfractivity Index
The Refractivity Index Field shal denote the refractivity index stored in LGF NVM.

3.2.1.36 ScaleHeight
The Scale Height Field shall denote the scale height stored in LGF NVM.

3.21.3.7 Rélractivity Uncertainty
The Refractivity Uncertainty Field shall denote the refractivity uncertainty stored in LGF NVM.

3.2.1.3.8 Latitude
The Latitude Field shall denote the LGF reference point latitude stored in LGF NVM.

The LGF reference point shdl be defined as the coordinates of asingle RR antenna location for
each ingdlation.

3.2.1.39 Longitude

The Longitude Field shdl denote the L GF reference point longitude stored in LGF NVM.

3.2.1.3.10 Vertical Ellipsoid Offset

The Verticad Ellipsoid Offset Fidd shdl denote the LGF reference point height above the WGS-
84 dlipsoid stored in LGF NVM.
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3.214 Type 4 M essage — Final Approach Segment Data

The Type 4 Message shal include the Data Set Length, Find Approach Segment (FAS) Data
Block, the FAS/Vertica Alert Limit (VAL) approach status, and the FAS/Laterd Alter Limit
(LAL) approach status. The LGF shdl broadcast each FAS data block at least once every 10
seconds.

3.2.1.41 DataSet Length

The Data Set Length Field shall denote the Type 4 Message data set length, which indicates the
number of bytesin the data set.

3.2.1.4.2 Final Approach Segment Data Block

The Type 4 Message shall contain the FAS data block for each runway approach served by the
LGF. Therequired content of the data block is defined in the following subsections. This block
and its corresponding approach performance designator are broadcast depending on the runway
end(s) sdlected at the ATCU, and the MDT when necessary.

321421  Operation Type
The Operation Type Fidd shdl denote the operation type stored in LGF NVM.

321422 Space Based Augmentation System Provider |dentification
The SBAS Provider ID Field shdl denote the SBAS service provider ID stored in LGF NVM.

3.21.423 Airport Identification
The Airport Identification Field shal denote the airport identification stored in LGF NVM.

3.21424 Runway Number

The Runway Number Fidd shal denote the runway number stored in LGF NVM.

3.21425 Runway L etter

The Runway Letter Field shall denote the runway letter stored in LGF NV M.

3.21.4.26 Approach Performance Designator

The Approach Performance Designator Field shall denote the approach PT stored in LGF NV M.

3.21.4.27 Route | ndicator

The Route Indicator Fidd shall denote the route indicator stored in the LGF.
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3.21.4.28 Reference Path Data Selector

The Reference Path Data Selector Field shall denote the reference path data selector stored in
LGF NVM.

3.214.29 Reference Path | dentifier

The Reference Peth Identifier Fied shdl denote the reference path identifier stored in LGF
NVM.

3.2.1.4.2.10 Landing Threshold Point/Fictitious Threshold Point L atitude

The LTP/FTP Latitude Fidd shdl denotethe LTP/FTP latitude stored in LGF NV M.

3.21.4.211 Landing Threshold Point/Fictitious Threshold Point L ongitude
The LTP/FTP Longitude Fied shdl denote the LTP/FTP longitude stored in LGF NVM.

3.2.1.4.2.12 Landing Threshold Point/Fictitious Threshold Point Height
The LTPFTP Height Field shall denote the LTP/FTP height stored in LGF NVM.

3.2.1.4.213 DdtaFlight Path Alignment Point L atitude

The D FPAP Latitude Fidd shal denote the D FPAP latitude stored in LGF NVM.

3.2.1.4.2.14 DdtaFlight Path Alignment Point L ongitude

The D FPAP Longitude Field shdl denote the D FPAP longitude stored in LGF NVM.

3.2.1.4.2.15 Approach Threshold Crossng Height

The Approach Threshold Crossing Height (TCH) Field shall denote the TCH stored in LGF
NVM.

3.2.1.4.2.16 Approach Threshold Crossing Height Unit Selector
The TCH Units Sdector Fidd shall denote the TCH Unit Sdector stored in LGF NVM.

3.214.217 Glidepath Angle
The Glidepath Angle (GPA) Fidd shal denote the GPA stored in LGF NVM.

3.21.4.218 CourseWidth
The Course Width Fidd shal denote the course width stored in LGF NV M.
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3.2.1.4.219 Dedtalength Offset

The D Length Offset Fidd shall denote the D length offset stored in LGF NVM.

3.2.1.4.2.20 Final Approach Segment Cyclic Redundancy Check
The FAS CRC Fidd shall denote the FAS CRC stored in LGF NVM.

3.2.1.4.3 Final Approach Segment Vertical Alert Limit/Approach Status

The FAS VAL/Approach Status Field shall denotethe FASVAL or “Do Not Use Vertica”
gored in LGF NVM. All onesin thisfidd indicate that vertical guidanceis not available.

3.2.1.4.4 Fina Approach Segment Lateral Alert Limit/Approach Status

The FAS LAL/Approach Status Field shall denote the FAS LAL or “Do Not Use Approach’
gored inthe NVM. All onesin thisfield indicate that the approach is not available.

322 Radio Freqguency Transmisson Characteristics

3.221 Symbol Rate

The symbol rate of the L GF data broadcast shall be 10,500 symbols per second £0.005%. Each
symbol defines one of eight states (3 bits) resulting in anomind bit rate of 31,500 bits per
second.

3.2.22 Emission Designator

The FCC emisson desgnator of this modulation technique is 14K0G7DET.

3.2.2.3 AntennaPolarization
The LGF shdl tranamit the VHF sgnd using right hand dlipticaly polarized antennas.

3.224  Fidd Strength

The Effective Radiated Power (ERP) shdl provide afield strength not less than 215 nV/m (-99
dBW/nT) for ahorizontally polarized signa. The ERP shall provide afield strength not grester
than 350 mV/m (-35 dBW/ n) for ahorizontaly polarized signd. The ERP shall provide afield
strength not less than 136 mv/m (-103 dBW/ n) for the vertically polarized signd. The ERP
shdll provide afield strength not greater than 221 mV/m (-39 dBW/ nf) for the vertically
polarized sgnd.

3.2.241 Measured Fidd Strength

Feld grength shdl be measured as an average over the period of the unique word in the training
sequence portion of the message.
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3.2.2.4.2 Phase Offset

The phase offsat between Horizontal Polarization (HPOL) and Vertica Polarization (VPOL)
sgna components, defined as the RF phase angle between the arriva times of the pesk VPOL E
field and the peak HPOL E-fidd, shdl fdl inthe range 90° + 40°.

3.2.25 Spectral Characteristics

3.2.25.1 Carrier Freguencies

The LGF shadl operate on 25.0 kHz centers. The lowest assignable channd shall be centered at
108.000 MHz. The highest assignable channel shal be centered at 117.975 MHz. Sdlection of
the nomind frequency shdl be manudly adjusteble.

3.2.25.2 Spurious Emissons

Spurious emissions shdl be in accordance with Title 47 Part 2, Code of Federal Regulations
(CFR).

3.2.26 Adjacent Channd Emissons

The amount of power, as defined in Section 4.1.5.3 of RTCA/DO-246, during transmisson under
al operating conditions when measured over a 25 kHz bandwidth centered on ether of the first
adjacent channels shal not exceed —40 dB referenced to the on-channd power.

The power during VBD transmission when measured over a 25 kHz bandwidth centered on
ether of the second adjacent channels shall not exceed —65 dB referenced to the on-channd
power and shall decrease 5 dB per octave until —90 dB and remain less than —90 dB theresfter.

3.2.26.1 Adjacent Temporal Interference

The peak power contained within the 25 kHz channdl bandwidth, centered on the assigned
frequency at any time outside of the assigned time dots, shal not exceed -75 dBc referenced to
the on-channel power.

3.2.2.6.2 Freguency Stability

Thelong-term stability of the transmitter carrier frequency shal be + 0.0002%.

3.227 M odulation

The modulation of LGF datashal be differentialy encoded 8 phase shift keying (D8PSK) using
arased cognefilter with a = 0.6. Theinformation to be transmitted shdl be differentidly
encoded with 3 bits per symbol (baud) transmitted as changes in phase rather than absolute
phase. The data stream to be transmitted shal be divided into groups of three consecutive data
bits, low bit first. Fill bits shal be padded to the end of the LGF data as heeded for the find
channd symbol.
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A binary data stream entering a differential data encoder shall be converted into three separate
binary sreams X, Y, and Z, so that

a hit3nisXp,
b. bit3n+1lisYy, and
c. hit3nt+t2isz,.
Thetriplet at time k ( Xk, Yk, Zx) shall be converted to a change in phase, depicted in Table 3-7,
and the absolute phase f | isthe accumulated seriesof Df |, 1 =1, 2, 3k, or
fk =fk—1 +Dfk. (19)

The tranamitted Sgnd shdl be
H(d@oft+1 (1)) (20)
where H(-) isarased cosnefilter with a = 0.6, Section 3.2.2.7.1.

Table 3-7. Data Encoding
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3.2.2.7.1 Pulse Shaping Filters

Impulses are gpplied to baseband filters that have the shape of araised cosine function with a
equa to 0.6. The frequency and time response of the baseband filters shdl be in accordance with
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where f is the absolute value of the frequency offset from the channd center,
T is the symbol period of 1/10500 seconds (approximately 95.2 1 seconds),
t istime, and
a is0.6.

3.2.2.7.2 Error Vector Magnitude

The peak error vector magnitude of the transmitted signa shal be less than 10% of the desired
sgnd magnitude at the center of the symbol.

3.228 M essage Encoding
Message encoding shal comply with Section 4.2 of RTCA/DO-246.

3.229 Broadcast Timing Structure Divison M ultiple Access

The broadcast timing structure shal comply with Section 4.3 of RTCA/DO-246. The LGF shdl
be capable of transmitting in any four time dots. The LGF shdl broadcast a message in every
frame assgned to that Sation.

3.2.210 Message Format

The message format shal comply with Section 4.4 of RTCA/DO-246.

3.2.3 Radio Freguency Broadcast M onitoring

The data broadcast transmissons shal be monitored. The tranamisson of the data shal cease
within 0.5 seconds when any of the following conditions exist:
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continuous disagreement for any 3 second period between the transmitted application
data and the gpplication data derived or stored by the monitoring system prior to
transmisson,

atransmitted power offset of more than 3 dB from the on-channel assigned power for 3
seconds,

more than 0.2% of messagesin the last hour are not tranamitted,
no transmission for 3 seconds, or
any transmitted data outside of the assgned TDMA time dots for 3 seconds.

Conditions 'd — '€ include the time to switch to redundant equipment, if available.

33

Operation and M aintenance

Operations and maintenance functions are provided viainternd and external LGF components.
These components include:

g.

- 0o 2 0 T @

LSP (internd)

MDT (externd)

RSP (externa)

ATCU (externd)

LGF Built-in-Test (BIT) (interndl)

Recording (internal, Sections 3.3.3.1 and 3.3.3.2)
Recording (externd, Sections 3.3.3.3 and 3.3.3.4)

Figure 3-4 provides a high-leve diagram depicting the functiond relationship between the LGF
and Operations and Maintenance.

Loca Area Augmentation
System Ground Facility

Operations & Maintenance Local Area Augmentation System
Control Ground Facility

E Information
Operations & Maintenance

Figure 3-4. Operations and Maintenance

Theinterna and externd interfaces of the LGF are depicted in Figure 3-5.
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Very High Frequency
Data
Broadcast

Ranging Source
Signals

Local Area Augmentation System
Ground Facility
Equipment Rack

2

| [eer]

Interfaceto the
Remote Maintenance Interface

MDT

Figure 3-5. Locd Area Augmentation System Ground Fecility Interfaces

3.31 System Requirements

3.311 Environmental Design Values

Environmentd design vaduesfor the LGF shdl comply with the environmenta conditions of
Table 3-8.

3.3.1.1.1 Environmental Service Conditions

LGF equipment intended for use in attended facilities shal be designed for the ambient
conditions of Environment | in Table 3-8. LGF equipment intended for use in unmanned
facilities shal be designed for the ambient conditions of Environment 11 listed in Table 3-8.
LGF equipment not housed in shelters shal be designed for the ambient conditions of
Environment [11 listed in Table 3-8.

Table 3-8. Environmenta Conditions

Environment™ | Temperature Rdative Altitude wind Ice Loading Ran
(°C) Humidity® | (ft above sea (mph)
(%) level)
I +10 to +50 10to0 80 0to 10,000 -- -- --
I Oto +50 5t090 0 to 10,000 -- -- --
K -50t0+70° | 5t0100 | 0t010,000 | Oto100 | Encasedin¥: 25 mm / hour
radid thickness
Clearice
1 I For equipment installed in an attended facility.
I For equipment installed in an unattended facility.
" For equipment installed outdoors (antennas, field detectors)
2. Includes 18°C for solar radiation.
3. Above 40°C, the relative humidity shall be based upon a dew point of 40°C.
4. Conformal coating isrequired only when equipnment is exposed to salt atmosphere or located in tropical

climates.

38




FAA-E-2937
September 21, 1999

3.3.1.1.2 Wind and Icel oading

Wind and ice loading vaues for LGF externdly exposed equipment shall comply with Section
3.2.1.2.3 of FAA-G-2100F.

3.3.1.1.3 Non-Operating Conditions

Shipped, stored, and transported equipment for the LGF shal comply with Section 3.2.1.2.4 of
FAA-G-2100F.

3.3.1.2 Primary Power

The LGF shdl operate from anomind 120 volt, 60 Hz, three wire, Single phase AC power
source.

3.313 Supplementary Power

The LGF shdl include an uninterruptible supplementary power source. The supplementary
power source shdl continuoudy power the LGF for a period of not less than four hours after a

loss of primary power.

3.3.1.3.1 Power Supply

The LGF shdl automaticaly sense when the supplementary power discharge point is reached.
When operating on supplementary power, the LGF shdl initiate facility shutdown if a criticd
discharge point ismet. The LGF shall have the capability to self restore to operate on primary
power upon restoration of primary power. To maintain the supplementary power in operationa
readiness, atrickle charge shall be supplied to recharge the supplementary power during the
period of available primary power. Upon loss and subsequent restoration of primary power, the
L GF supplementary power shdl restore to afull charge condition from a 50% discharge
condition within 8 hours. The LGF shdl continue a the same level of service upon restoration

of primary power.

3314 Environmental Sensors
The LGF design shdl include an

a.  intrusion detector sensor,
smoke detector sensor,
obgtruction lights sensor,

AC power sensor,

ind de temperature sensor, and

- 0o o0 O

outside temperature sensor.
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The environmenta sensor output shall be processed by the LGF and retrievable by the MDT.
The LGF shdl be capable of bypassing any sensor that is not utilized.

3.3.1.4.1 Intrusion Detector

The intrusion detector shdl detect when the LG shelter door has been opened for any period
greater than 0.50 seconds. The LGF shdl generate an dert messageif vaid log-on ID and
password entries are not received within 5 minutes of detecting an open shelter door. The LGF
shdl provide the cgpability to arm and bypass the intrusion detector through the MDT.

3.3.1.4.2 Smoke Detector

The smoke detector shdl be an ionization-type smoke detector. The smoke detector shdl meet
the requirements of Underwriters Laboratories (UL), Inc. Standard 268. The smoke detector
shal bear the UL, Inc. label. The LGF shall generate a service aert upon detection of
combustion products.

3.3.1.4.3 Obstruction Lights

The LGF shdl identify when alamp hasfailed in the obgtruction light assembly of the antennas.
The LGF shdl generate an dert message when alamp fals.

3.3.1.4.4 Alternating Current Power

The AC power sensor shall detect the presence of primary AC power. The AC power sensor
shall detect absence of primary AC power. The LGF shdl generate a service dert when aloss of
AC power is detected.

3.3.1.45 |InddeTemperature

The indde temperature sensor shdl provide the temperature insde the L GF equipment shdlter to
the LGF, with aminimum resolution of one-degree centigrade. The accuracy over the range of
-10° to +50° centigrade shal be + 4° centigrade without cdibration. The LGF shdl generate a
service dert message when the upper and lower temperature limits are exceeded.

3.3.1.4.6 Outsde Temperature

The outsde temperature sensor shdl provide the temperature outside the L GF equipment shelter
to the LGF with a minimum resolution of no less than one-degree centigrade. The accuracy over

the range of -50° to +70° centigrade shdl be + 4° centigrade without cdibration.

3.3.15 Fault Diagnostics, Built-in-Test, and | solation Procedur es

The LGF shdl include the capability to perform automatic and manudly-initiated fault diagnoss
tothe LRU leve. The resulting data shdl be stored in memory until manudly deared viathe
MDT. Stored data shall be accessble viathe MDT. Manudly initiated diagnostics shal be
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avalable from the MDT. A combination of fault diagnogtics, BIT, and manud isolaion shall
provide for the following actions:

automaticaly initiating the diagnostic routine when an aarm occurs,

b. automatic diagnogtic fault isolation rates at 90% or greater to an ambiguity group of
three LRUs or less, and

c. manud isolation to asngle LRU 100% of thetime.

3.3.16 M aintainability of Electr onic Equipment

3.3.1.6.1 Maintenance Concept

The LGF shdl provide for asite and depot concept of maintenance. This concept assumes the
use of modular equipment that enables maintenance specidists to correct amgority of
equipment failures on-Ste by replacing the faulty LRU.

3.3.1.6.2 Unscheduled Maintenance

33.1.6.21 Rediability

The mean time between unscheduled maintenance actions for the LGF shall be at least 2190
hours. The mean time between unscheduled maintenance actions for the ATCU shdl bea
minimum of 40,000 hours. Unscheduled maintenance actions are those actions required to
correct an darm or sarvice dert condition. These actions exclude environmenta service derts.

33.16.22 Maintainability
The Mean-Time-to-Repair (MTTR) shdl be lessthan 30 minutes. The repair time shdl include

a. diagnodtictime,

remova of thefaled LRU,

ingdlation of the new LRU,

initidization of the new LRU, and

al adjustments required to return the LGF to Norma Mode.

® o 0 o

Any maintenance action that requires the replacement of afalled LRU and does not require are-
certifying flight check can be replaced while the LGF isin Norma Mode.

3.3.1.6.3 Periodic Maintenance

Periodic maintenance for the LGF shadl not interrupt service for more than eight hours per year
of operation. No single group of periodic procedures shall be required more frequently than
every 2190 hours. Periodic maintenance for the RSP shal not exceed one hour in 4380 hours of
operation. Periodic maintenance for the ATCU shall not exceed one hour in 4380 hours of
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operation. Periodic maintenance shall include the time required to complete the routine checks
and ingpections necessary to assure normal operation.

The capability to isolate latent faults affecting integrity and continuity shall be provided through
the MDT. Isolation of latent failures shal be provided through either embedded equipment,
software, or with specia test equipment.

3.3.1.6.4 System Specialist Workload

Completion of corrective and periodic maintenance actions shal require no more than two
system specidigts.

3.3.17 Security

The interna and externa LGF components shdl provide for protection of interndly stored
information and information transfer in accordance with FAA Order 1370.82.

3.3.1.7.1 Sydgem ldentifiersand Authenticators

Theinternal and externa components of the LGF shdl provide redtrictive access vialog-on
implementation. Security authentication shal ensure only authorized personnel can log-on
successfully. LGF displays shdl display awarning banner approved by the Office of the Chief
Information Officer (ClO) and the Officer of the Chief Counsdl (AGC) to each user before login.

331711 Security Levels

All information pertaining to the LGF has been assgned a minimum security level of
Commercia Security (CS) 2 in accordance with FAA Order 1370.82.
331712 Read Access

The capability to view LGF interndly stored data and diagnogtic information shdl be provided at
the RSP and L SP interface with an MDT. Provisonsfor read access at the RMI port shall be
provided.

Note: The RMI capability is expected to be utilized at a later date, yet to be determined.

3.3.1.7.1.3 Write Access

The capability to load FAS data, input Ste specific parameters, and dl other maintenance actions
shdll be provided at the LSP and RSP with an MDT in accordance to Sections 3.3.1.7.1.3.1 and
33.17.132

3.3.1.7.1.3.1 Write Access— L ocal Status Panel

Write access shall be provided at the LSP for Test Mode, Norma Mode, and Not Available
Mode.
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3.3.1.7.1.3.2 Write Access— Remote Status Panel
Write access shdl be provided at the RSP for Norma Mode and Not Available Mode.

3.3.1.7.2 Use ldentifications and Passwords

User IDs and passwords for the LGF shal accommodate a minimum combination of Six
aphanumeric characters and a maximum combination of eight aphanumeric characters. The

LGF shdl accommodate 24 user ID and password combinations. The ability to add, delete, and
modify user IDs and passwords shall be preceded by a password confirmation prompt. User IDs
shdl bevishleto the log-on termind. User ID and password lists shdl be immediately and
automatically updated to reflect changes entered at an MDT.

331721 L ogical Access Control

Logical accessto files and objects shal be restricted via password and user IDs. Logica access
levels shdll indude the following:

a. AccessLeve 1. Read Only — Genera Use
b. AccessLeved 2: Read/Write — Certified Maintenance Specidist

c. AccessLevd 3: Adminigrative — Restricted

3.3.1.7.3 Invalid User Identification or Password Entry

Aninvaid logon entry attempt shdl cause

a aneror messageindicating "Invaid User ID or Password" to be output to the MDT,
b. theaccess procedure to be terminated after three consecutive invaid entries,

c. theLGF logon processto returntoidle, and

d. auserto beinhibited from accessfor a period of 15 minutes after threeinvaid entries.

3.3.1.7.4 Log-on Time-out

The LGF shdl provide atime-out that requires the log-on procedure to be repested if the
interface isidle for more than 15 minutes. Any vaid message tranamitted over the interface
ghdl re-initiate the timeout.

3.3.1.8 Physical Design and Packaging

The LGF and the status and control subsystem component equipment shall be designed and
packaged as to facilitate the accomplishment of al testing, adjustments, and maintenance
procedures.
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3.3.1.9Eledrical

3.3.1.9.1 Electrical Wiring

Electrica wiring shal comply with Section 3.1.2.1 of FAA-G-2100F.

3.3.1911 External Wiring

Externa wiring to equipment that interfaces with the power source shdl be in accordance with
the National Electrica Code (NFPA 70), FAA-STD-032, and FAA-C-1217.

3.3.1.9.2 Alternating Current Line Controls

Each control switch, relay, circuit breaker, fuse, or other device that acts to disconnect the AC
supply line energizing the LGF equipment shall be in accordance with NFPA 70 or UL 1950 for
Information Technology Equipment.

3.3.1.9.3 Main Power Switch

The LGF shall have afront pand mounted, main power switch labeled “ On/Off”. Main power
termination shal include supplementary power termination. Switches or circuit breakers that
function as main power switches shall comply with Section 3.1.2.2.2 of FAA-G-2100F.

3.3.1.9.4 Alternating Current Line-I nput Resissance to Ground

Each individua chasss unit connected to the AC supply line shdl comply with Section 3.1.2.2.3
of FAA-G-2100F.

3.3.1.95 Alternating Current Line Connectors and Power Cord

Plugs, receptacles, and power cords provided for connecting the equipment to the AC supply line
shall meet the requirements of NFPA 70 and be in accordance with Section 3.1.2.2.4 of FAA-G-
2100F.

3.3.1.9.6 Alternating Current Line Controls

Each equipment unit energized by direct connection to the AC line shal comply with Section
3.1.2.2.5 of FAA-G-2100F.

3.3.1.9.7 Transformer Isolation, Direct Current Power Supplies

All non+switching Direct Current (DC) power supplies energized from the AC line power source
shal be in accordance with Section 3.1.2.2.6 of FAA-G-2100F.
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3.3.1.9.8 Voltage Regulators

Externd voltage regulating transformers shdl not be used. Voltage regulation in the equipment
shall be provided by voltage or current regulators, or both, in the DC output circuit of the power
supplies.

3.3.1.9.9 Convenience Outlets

Convenience outlets provided on the equipment cabinets shal be in accordance with Section
3.1.2.2.7 of FAA-G-2100F.

Note: Only the minimum number of convenience outlets necessary for maintenance should be
provided.

3.3.1.9.10 Circuit Protection

All equipment power output circuits shall be designed to include circuit protection in accordance
with Section 3.1.2.3 of FAA-G-2100F.

3.3.1.9.11 Electrical Overload Protection

3.3.1.911.1 Current Overload Protection

Current overload protection for equipment shal be in accordance with Section 3.1.2.4.4.1 of
FAA-G-2100F.

3.3.19.11.2 Protective Devices

Protective devices for wired-in equipment shal be in accordance with Section 3.1.2.4.4.2 of
FAA-G-2100F.

3.3.1.9.12 Circuit Breakers
Circuit breakers shall bein accordance with Section 3.1.2.4.4.3 of FAA-G-2100F.

3.3.1.9.12.1 Short Circuit Coordination

Short circuit coordination shal comply with Section 3.1.2.4.4.3.1 of FAA-G-2100F.

3.3.1.9.12.2 Normal Performance

The use of overload or other protective devices shdl comply with Section 3.1.2.4.4.4 of FAA-G-
2100F.
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3.3.1.9.13 Tes Pointsand Test Equipment

Functiond checks and trouble shooting of the LGF shdl be possible through the provison of test
points that are readily accessible.

3.3.1.9.13.1 Built-in-Test Device Reguirements
BIT devices shal comply with Section 3.1.2.5.1 of FAA-G-2100F.

3.3.1.9.13.2 Location of Test Points and Adjustment Controls

Location of test points and adjustment controls shal comply with Section 3.1.2.5.3 of FAA-G-
2100F.

3.3.1.9.13.3 Ted Point Circuitry Protection

Tedt point circuitry protection shal comply with Section 3.1.2.5.4 of FAA-G-2100F.

3.3.1.9.134 Failure
BIT devices shal comply with Section 3.1.2.5.5 of FAA-G-2100F.

3.3.1.9.14 Electrical Breakdown Prevention

Preventative measures for eectrical breskdown shdl be in accordance with Section 3.1.2.6.2 of
FAA-G-2100F.

3.3.1.9.15 Grounding, Bonding, Shidding, and Transent Protection

Grounding, bonding, shielding, and transent protection for the LGF shdl be in accordance with
FAA-STD-020 for Non-Developmentd Items (NDI) and developmentd items. At the facility
interface, the requirements for grounding, bonding, shielding, and trangent protection shdl bein
accordance with NFPA 70 and shal not violate the requirements of FAA-STD-020. If theitem
isto be UL-recognized, protective measure shdl bein accordance with UL 1950 for Information
Technology Equipment.

3.3.1.9.16 Obgruction Lights

A double obstruction light assembly shal be provided, where required, in accordance with FAA
AC 150/5345-43E and FAA AC 70/7460-1J. Thelampsshdl bewired in pardld. Thelamps
shall berated at 100 watts each.

3.3.1.9.17 Power Factor
The power factor shall comply with the requirements in Section 9.J4) of FAA Order 6950.2D.
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3.3.1.9.18 Peak Inrush Current

Peak inrush current and total current harmonic distortion shall meet the requirements of Section
3.1.2.4.3 of FAA-G-2100F and Sections 9.J(3) and 9.J(5) for FAA Order 6950.2D.

3.3.1.10 Markings
Markings shal be permanent and legible.

3.3.1.10.1 Radio Freguency Connectors
Markings for RF connectors shdl comply with Section 3.3.3.2.2.1 of FAA-G-2100F.

3.3.1.10.2 Fuse Markings
Markings for fuse positions shal comply with Section 3.3.3.2.2.4 of FAA-G-2100F.

3.3.1.10.3 Terminal Stripsand Blocks
Markings for termina strips and blocks shal comply with Section 3.3.3.2.2.5 of FAA-G-2100F.

3.3.1.10.4 Controlsand Indicating Devices

Markings for controls and indicating devices shal comply with Section 3.3.3.2.2.7 of FAA-G-
2100F.

3.3.1.10.5 Nameplates

Furnished equipment shall have one or more nameplates as determined by the equipment
configuration in accordance with Figure IV of FAA-G-2100F.

3.3.1.10.6 Safety Related Markings

Guards, barriers or access doors, covers, and plates shal be marked to indicate the hazard that
may be reached upon removal of such devices. When possble, marking shdl be located such
that it is not removed when the barrier or access door isremoved. Warnings of hazards interna
to aunit shal be marked adjacent to hazardsiif they are significantly different from those of
surrounding items. Such a case would be a high voltage termina in agroup of low voltage
devices.

3.3.1.10.6.1 Physcal Hazards

Physica hazards shall be marked with color codes in accordance with American Nationa
Standards Ingtitute (ANSI) Z535.1 where applicable to € ectronic equipment.
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3.3.1.10.6.2 Center-of-Gravity

Center-of-Gravity shdl be marked on al equipment with a center-of-gravity 50% different from
the Center-of-VVolume of the chassis.

3.3.1.10.7 Accident Prevention Signs and L abels

Accident prevention signs and labels shdl be in accordance with Section 3.3.6.5.2 of FAA-G-
2100F.

3.3.1.10.8 Sign Design
Sign design shdl be in accordance with Section 3.3.6.5.2.1 of FAA-G-2100F.

3.3.1.10.9 Sign Classification and Detailed Design

3.3.1.109.1 Class! - Danger Classification

Signsindicating immediate and grave danger or peril, ahazard capable of producing irreversble
damage or injury, and prohibitions againgt harmful activities shal be in accordance with Section
3.3.6.5.2.2.1 of FAA-G-2100F.

3.3.1.10.9.2 Classl!l| - Caution Classfication

Signs used to call attention to potentia danger or hazard, or a hazard cagpable of or resulting in
severe but not irreversible injury or damage shal be in accordance with Section 3.3.6.5.2.2.2 of
FAA-G-2100F.

3.3.1.109.3 Classl!ll - General Safety Classification

Signs of generd practice and rules reating to hedth, first aid, housekeeping, and generd safety
shdl be in accordance with Section 3.3.6.5.2.2.3 of FAA-G-2100F.

3.3.1.10.9.4 Classl|V - Fireand Emergency Classification

Signs used to label and point the way to fire extinguishing equipment, shutoffs, emergency
switches, and emergency procedures shdl be in accordance with Section 3.3.6.5.2.2.4 of FAA-
G-2100F.

3.3.1.11 Pesonnd Safety and Health

The design and development of electronic equipment shall provide for the safety of personnel
during the ingtalation, operation, maintenance, repair, and interchange of complete equipment
assemblies or component parts. Equipment design for personnd safety shall be equal to or better
than the requirements of the Occupationd Safety and Hedlth Act (OSHA) as identified in CFR
Title 29, Part 1910.
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3.3.1.11.1 Human Factors Enginegring

When establishing generd and detailed design criteria, dements affecting safety shdl be human
factors engineered. The designs shdl iminate or mitigate hazards associated with

a.  hazardous components,

b. safety-related interface considerations between the equipment and other portions of the
sysem,

environmenta congraints including the operating environment,
operating, test, maintenance, and emergency procedures,
facilities and support equipment, and

- ® o O

safety related equipment, safeguards, and possible dternate gpproaches.

3.3.1.11.2 Electrical Safety

Personnel shall be protected with respect to eectrica contact in accordance with Section 3.3.6.1
of FAA-G-2100F.

3.3.1.11.21 Ground Potential

Grounding of externa parts, surfaces, and shields shdl be in accordance with Section 3.3.6.1.1
of FAA-G-2100F.

3.3.1.11.2.2 Hinged or Side Mounted Pandls and Door s

Hinged or dide mounted panels and doors shdl be grounded in accordance with Section
3.3.6.1.2 of FAA-G-2100F.
3.3.1.11.23 Shidding

Shielding on wire and cable shdl be grounded in accordance with Section 3.3.6.1.3 of FAA-G-
2100F except when a conflict with the grounding requirements of Section 3.3.1.9.15 would be
created.

3.3.1.11.24 RadioFreguency Voltage Protection

Personnd shdl be protected from accidenta contact with transmitter output termindss, antennas,
and devices that carry sufficient RF voltage to cause injury.

3.3.1.11.25 Electrical Connectors

Electrical connectors shall comply with Section 3.3.6.1.12 of FAA-G-2100F.
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3.3.1.11.3 Radio Freguency Limits

3.3.1.11.3.1 Applicability of Federal Standards

Equipment design for which afederd sandard exists under the CFR Title 21, Chapter 1,
Subchapter J shall conform to the appropriate federa standard.

3.3.1.11.3.2 Radiation Hazards and Protection

All dectronic equipment or dectrical devices capable of emitting x-radiation or RF/microwave
radiation between 300 kHz and 100 GHz shall be designed, fabricated, shielded, and operated to
the requirements of FAA Order 3910.3A.

3.3.1.11.4 Cathode Ray Tubes

Cathode ray tubes shdl conform to the requirements of UL Standard 1418, where applicable.

3.3.1.12 Hazardousand Resricted Materials

Assessment of the hazard potentia of a substance and its decomposition products shdl be
performed before materid sdection. This assessment shdl include those materidslisted in
Section 3.3.6.6 of FAA-G-2100F.

3.3.1.13 Federal Communications Commission Type Acceptance and Registr ation

The firgt production equipment shdl be subjected to the Federd Communication Commission
(FCC) type acceptance and registration procedures in accordance with the FCC Rules and
Regulations of the CFR, Title 47, Part 2, Part 68, and Part 87. The environmenta temperature
range specified by the FCC shall supersede, for the purposes of the FCC Type Acceptance
Procedures, the service condition temperature range that is applicable under the equipment
gpecification and this pecification. Compliance with FCC Regulations shal be maintained with
regards to any approved changes made to the production equipment that is relevant to the FCC
Type Acceptance or Regisiration.

3.3.2 Control and Display

All control and display units shdl be designed in accordance with Human Factors guiddines,
defined in Section 3.3.7 of FAA-G-2100F.

3321 L ocal Status Pan€l

An LSP shdl be provided as the on-gte maintenance interface to the LGF. The LSP shdll
provide two, nine pin femae connectors for any maintenance interfaces to the LGF, including
the MDT.
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3.3.21.1 Local Status Pane — Modes and Service Alerts
The LSP shdl annunciate

a  Greenfor Normd,

b. Redfor Not Available,

c. Ydlow for Tes, and

d. Orangefor Service Alert.

The LSP shdl display achange in mode and service derts within 3 seconds of detection by the
LGF.

3.3.2111 L ocal Status Panel — Initialization

The LSP shdl smultaneoudy annunciate green, red, yellow, and orange during a power up,
manud reset, or automatic restart.
3.3.21.2 Local StatusPand —Aural Signal

The LSP shdl initiate a steady tone aura signd when the LGF is Not Available. The LSP shall
initiate an intermittent beep aurd signd when thereisa service dert.

3.3.2.1.3 Local Status Pand — M ute Switch

The LSP shdl provide the cgpability to manudly slence an aurd Sgnd.

3.3.2.2 Remote Status Pan€l

An RSP shdl be provided as an externd interface, located within 50 miles of the airport. The
RSP shdl provide two, nine pin female connectors for any maintenance interface (Section
3.3.4.3) to the LGF, including the MDT.

3.3.2.2.1 Remote Status Pandl — M odes and Service Alerts

The RSP shdl annunciate

Green for Normdl,

Red for Not Available,
Ydlow for Tet, and

d. Orangefor Service Alert.

o T @

The RSP shdl display a change in mode and service derts within 3 seconds of detection by the
LGF.
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3.3.2211 Remote Staus Panel — I nitialization

The RSP shdl smultaneoudy annunciate green, red, yelow, and orange during a power up,
manud reset, or automatic restart.
3.3.2.2.2 Remote Status Panel — Aural Signal

The RSP shdl initiate a steady tone aurd sgna when the LGF isNot Avallable. The RSP shal
initiate an intermittent beep aurd dgnd when thereisaservice dert.

3.3.2.2.3 Remote Status Panel — Mute Switch

The RSP shdl provide the capability to manudly slence an aurd sgnd.

3.3.2.2.4 Remote Status Pandl — Supplementary Power

The RSP shdl include the capability to remain continuoudy powered for at least two hours of
uninterrupted operation via a supplementary power source after the loss of primary AC power.
Regtoration of primary power shdl not negatively effect the operation of the respective
subsystems.

3.3.23 M aintenance Data Terminal

An MDT shdl be provided, interfacing to the L GF through the LSP and RSP, to a distance of 20
ft. The MDT shal follow the security requirements of Section 3.3.1.7. All manudly entered
datashdl be sored in LGF NVM. The MDT shdl be provided with a 3 ¥2floppy disk drive. A
computer virus check for maicious code shall be performed on any data to be transferred to the
LGF viathe MDT. Mdlicious code is defined as an unauthorized attempt to include software or
firmware that is capable of corrupting the operation of the LGF.

3.3.2.3.1 Maintenance Data Terminal Control and Display

The MDT shdl provide the capability to command and monitor dl test and maintenance actions
available through the interface.
332311 Redart

The MDT shdl provide the capability to restart the LGF. Commanding restart shal cause dll
program varigbles and al software and firmware controlled hardware to be initialized to a
predefined condition from which norma program execution can continue.

3.3.2.3.2 Statesand Modes Display

The MDT shdl provide the capability to display the current LGF state and mode, defined in
Section 3.1.4.
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3.3.2.3.3 Aletsand Alarm Display

The MDT shdl provide the capability to display, within 3 seconds, al dert and darm messages
generated by the LGF.

3.3.2.34 VeyHigh Frequency Data Broadcast Display

The MDT shdl display the VDB datus as ether trangmitting or not trangmitting. The MDT shdl
provide the cagpability to display the VDB message type and datafields.

3.3.2.35 VeyHigh Freguency Data Broadcast Control

The MDT shdl provide the cgpahility to activate and deactivate the VDB. VDB deactivate shal
by- pass the VDB antenna and terminate into a dummy load.

3.3.23.6 VeyHigh Frequency Data Broadcast M essage Data

The MDT shdl provide the capability to input the following VDB message data for each
message type and parameter:
a.  Message Header
1. Reference Station ID
b. TypelMessage
1.  Messurement Type
c. Type2Messge
LGF Ingdled RRs
LGF Accuracy Designator
Locd Magnetic Variation
Refractivity Index
Scae Height
Refractivity Uncertainty
Latitude
Longitude
9. Vaeticd Ellipsoid Offset
d. Typed Messge
1. DaaSet Length
2.  FASDataBlock - manudly entered as ablock in its entirety:
a)  Operation Type
b) SBASProvider Identification

© N o gk~ D
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3. FASVAL/Approach Status — Lateral Navigation (LNAV) Only
4. FASLAL/Approach Status— Approach Not Available

Airport Identification
Runway Number

Runway Letter

Approach Performance Designator
Route Indicator

Reference Path Data Selector
Reference Path Identifier
LTP/FTP Latitude

LTP/FTP Longitude
LTP/FTP Height

D FPAP Latitude

D FPAP Longitude
Approach TCH Height
Approach TCH Unit Selector
GPA

Course Width

D Length Offset

FASCRC

3.3.2.3.7 System Power Display

The MDT shdl provide the capability to display the LGF power source.

3.3.2.3.8 Aletsand Alarm Status Display

FAA-E-2937
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The MDT shdl provide the cgpability to display the status of al existing dertsand darms.

3.3.23.9 Aletsand Alarm Threshold Display

The MDT shdl provide the capability to display the thresholds and tolerances for dert, service
aert, congtellation dert, and darm parameters, as defined in Sections 3.1.5.1.2, 3.1.5.1.3,
3.15.14,and 3.1.5.1.5.
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3.3.2.3.10 Alertsand Alarm Threshold Control

The MDT shdl provide the capability to modify the thresholds for dert, service dert,
constellation dert, and alarm parameters, as defined in Sections 3.1.5.1.2, 3.1.5.1.3, 3.1.5.1.4,
and 3.1.5.1.5. The ability to change a parameter setting in minimum steps condstent with
individud parameter tolerances shdl be provided. The ability to manudly enter a parameter
Setting within design tolerances shdl be provided.

3.3.2.3.11 Monitor By-pass

3.3.23.11.1 By-Pass Annunciation

The MDT shdl provide the capability to by-pass the aurd annunciation of al dertsand darmsto
the LSP, RSP, or ATCU, or dl smultaneoudy while the LGF isin the Tet Mode. The MDT
by- pass annunciation function shal provide a configurable default setting.

3.3.2.3.11.2 By-PassActions

The MDT shdl provide the capability to by-pass any actionsidentified in Tables 3-1 and 3-2.

3.3.2.3.12 Static Site Data Display

The MDT shdl provide the capability to display the following Ste-specific parameters:

a VDB Frequency,

VDB Power,

TDMA Time Sot(s),

RR Geodetic Coordinates, and
Reception Mask

® oo o

3.3.2.3.13 Static Site Data Control

The MDT ghdl provide the cgpahility to control input for the following Site-specific parameters:

a. VDB Frequency, 108.000 MHz to 117.975 MHz in 25 kHz channels,
b. VDB Power Adjusment,

c. TDMA Time Sot(s),

d. RR Geodetic Coordinates (WGS-84), and

e. Reception Mask.

3.3.2.3.14 Approach Status Display

The MDT shdl smultaneoudy display the gpproach status for up to 16 runway ends. The MDT
shdl digplay the enable, disable, and Laterd Navigation (LNAV) status of each runway end
supported by the LGF.
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3.3.2.3.15 Approach Control

The MDT shdl include the capability to smultaneoudy enable al gpproaches associated with
each runway end served by the LGF. The MDT shdl include the capability to smultaneoudy
disable dl gpproaches associated with each runway end served by the LGF. This capability will
enable or disable dl gpproaches to arunway end with asingle action.

3.3.2.3.16 Redundant Equipment Status Display

The MDT shdl provide the capability to display the status for both classfications of LGF
equipment, Main and Standby. Main and Standby equipment and the possible status shall be:

a.  Man - Primary LGF Equipment
1. Online—Primary LGF equipment is on-line and operationd.
2. Faled — Equipment hasfailed and is not available for operationd use.
3.  Disabled — Equipment has been disabled.

b. Standby — Backup/redundant L GF Equipment

1.  Avalable— Equipment isfunctiond and is available for switchover following a
main equipment failure,
Failed — Equipment hasfaled and is not available for operationa use.
Disabled — Equipment has been disabled.

4.  On-line— Backup/redundant L GF equipment in ort+line and operational.

3.3.2.3.17 Redundant Equipment Control

The MDT shdl provide the capability to change the classfication of the LGF equipment as
indicated in Section 3.3.2.3.16.

3.3.2.3.18 Diagnostics Display

The MDT shdl provide the capability to display diagnostic results following afailure or a
meanud initigtion. On-screen help shdl be provided in order to perform diagnostics and other
maintenance related actions.

3.3.2.3.19 Diagnostics Control

The MDT shdl provide the capability to manudly initiate diagnogtics. Manudly initiated
diagnogtics shdl include

a. Nor-intrusve- Norrintrusve diagnostics do not affect the current LGF operation.

b. Intrusve- Intrusve diagnostics may affect the LGF operation or require are-
certification Hight Check.
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3.3.2.3.20 Temperature Display

The MDT shdl provide the cagpability to display the temperature insde and outside of the LGF
equipment fadility.
3.3.2.3.21 Adjustment Storage

Before log-off, MDT-entered settings and adjustment shall be confirmed and the values stored in
LGF NVM.

3.3.24 Remote M aintenance | nterface

The RMI shdl be cgpable of providing al display festuresidentica toan MDT. An RMI port
shdll be provided at the LSP and RSP.

3.3.25 Air Traffic Control Unit

A primary ATCU shdl be provided as an externd interface for ingtalation in control towers and
termina and en route radar facilities at locations up to 50 miles from the airport. The ATCU

shall be capable of working with up to 10 integrated ATCUs that are located between 15 feet and
5 miles of the primary ATCU.

3.3.25.1 Air Traffic Control Unit - Approach Control

The ATCU shdl include the cgpability to smultaneoudy enable al approaches associated with
each runway end served by the LGF. The ATCU shdl include the capability to Smultaneoudy
disable al approaches associated with each runway end served by the LGF. This capability will
enable or disable dl gpproachesto arunway end with asingle action.

3.3.25.2 Air Traffic Control Unit — Operational Status Display

The ATCU shdl smultaneoudy diplay the operationd status for up to 16 runway ends. This
shall include notice that the runway end is either enabled, disabled, or LNAV Only. “LNAV
Only” shdl be disolayed when the verticd guidance for arunway end is disabled.

3.3.2.5.3 Air Traffic Control Unit - M odes

The ATCU shdl display “Category 1,” corresponding to the Normal Mode defined in Section
3.14.3. The ATCU shdl display “Not Available,” corresponding to the Not Available Mode
defined in Section 3.1.4.4 or when in the Off State. The ATCU shdl display changesin modes
within 3 seconds of detection by the LGF.

3.3.2.5.4 Air Traffic Control Unit - Maintenance Display

When the LGF isin the Test Mode, the ATCU shdl smultaneoudy display “Test” and “Not
Available” No other display lights shdl be illuminated.
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3.3.25.5 Air Traffic Control Unit Constellation Alert Display

The ATCU shdl display a congdlation dert within 3 seconds from the time of prediction. The
ATCU shdl display the start time and the end time of the predicted outage.

3.3.25.6 Aura Sgna

The ATCU shdl initiate an aurdl signd for dl LGF mode changes. The ATCU ghdl initiate an
aurd sgnd for dl congelation derts.

3.3.256.1 Audio Control

The ATCU shdl provide the cgpability to manudly control an aura Sgna with arange from low
but not silenced to audible over ambient noiselevels. The ATCU shdl provide for a switch thet
acknowledges and silences the aural signal until reset or another event occurs.

3.3.25.7 Design Requirements

The ATCU design gl provide for transfer and lockout control between the primary ATCU and
the integrated ATCUs. The ATCU shdl be configurable to lock out control functions and
provide gtatus display only. The ATCU shdl provide visud and aurd annunciation for changes
and updates of LGF gtatus information.

3.3.2571 Monitor Design Requirements

The ATCU monitor shdl be designed to the following requirements:

a. Configurablefor the following physica environments, including:
1.  rack mounted in standard 19" equipment racks,

2. flush mounted into the control tower console, Termina Radar Approach CONtrol
(TRACON), and Air Route Traffic Control Center (ARTCC), and

3. setup as an independent workstation.
b. Display screen attributes:

1. 14" color flat screen LCD,
aresolution of at least 800 x 600 pixels and 72 Dots Per Inch (dpi),
refresh rate of more than 70 Hz,
viewing angle a least 160° in vertical and horizonta planes,
equipped with atouch screen input,

visble under dl control tower lighting conditions, including direct sunlight and
night operations,
7. luminescencerating ranging from 3 40 nitsto £ 900 nits, and

S L e S\
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8.  anti-glare treatment that does not reduce available light to less than 800 nits at the

highest brightness setting.
c. Externd components and contrals, including
1. spedker,

2. volume control, and

3. brightness contral.

The luminescence rating for the ATCU monitor shdl be verified under actua operating
conditions.

The ATCU monitor shall default to a standard resolution of not less than 800 x 600 pixelsin the
event of apower fallure. The ATCU monitor shal store the last used resolution interndly. The
ATCU monitor shal store configuration and cdibration settings for resolution when the LGF
performs a cold boot.

3.33 Recording

Filtering of repetitive events shall be permitted, with the most recent event logged with an
indication of the start of the event. Commands to write over or delete any of the data setsin
Sections 3.3.3.1, 3.3.3.2, 3.3.3.3, and 3.3.3.4 shal not be permitted. The LGF NVM used to
dore data shal be secure at dl times from tampering and manipulation.

3.3.3.1 System Events

The LGF shal maintain achronologica record in NVM of the previous 90 days of date, time,
inside and outside temperature, log-on, log-off, dert, service dert, congtellation dert, and darm
events. The capability to digolay system events records shal be provided viaan MDT.

3.3.3.2 Events Recording

The LGF dhdl utilize the data from the sgma monitor, Section 3.2.1.2.7.7.1, to provide an
indication of the hourly, daily, monthly, and yearly characteristics of the error in the broadcast
correction. The data shall be recorded in NVM and exportable to the MDT and displayed on
control chart(s) that includes alerts, service derts, darms, and action lines.

3.3.3.3 Very High Frequency Data Broadcast Recording

The LGF shdl automaticaly record al data broadcast parameters for a period not less than 48
hours. This datashal be exportable viaa standard, commercialy available eectronic media

One 48-hour block of datashal be stored in NVM concurrently while the current 48-hour block
of dataare being recorded. At the end of each 48-hour period, the data stored from the previous
48 hours can be deleted and replaced with the current block of data. Upon command from the
MDT, the recording function shall be terminated for a period not to exceed 30 minutes. Four
time windows for one, 24-hour period shal be selectable to capture any requested VDB fidd(s).
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This shdl be programmable for up to one week prior, and shdl not interfere with the other
recording requirement.

3.3.34 Reference Receiver Data

The LGF shall automaticaly record RR datafor al RRsfor a period not less than 48 hours. This
data shal be exportable viaa sandard, commercidly available eectronic media One 48-hour
block of datashal be stored in NVM concurrently while the current 48-hour block of data are
being recorded. At the end of each 48-hour period, the data stored from the previous 48 hours
can be deleted and replaced with the current block of data. Recorded RR data shdl include at a
minimum,

a. L1 carier phase with aresolution of 0.01 cycles,

b. L1 C/A code pseudorange with aresolution of .01 meter or better, and

c. broadcast navigation datafor al tracked GPS ranging sources.
Upon command from the MDT, the recording function shal be terminated for a period not to
exceed 30 minutes.

3.34 I nter face Requirements

3.341 Local Status Pand Interface

The vendor shdl define dl LSP interface requirements. The interface characteristics shal be
commercidly available and in accordance with International Standards Organization (1SO)
standards and recommendeations.

3.34.2 Remote Status Panel I nterface

The vendor shdl define dl RSP interface requirements. The interface characteristics shdl be
commercialy available and in accordance with 1SO standards and recommendations.

3.34.3 M aintenance Data Terminal | nterface

The MDT interface shdl conform to EIA/TIA-232-E, Interface Between Data Termind
Equipment and Data Communi cations Equipment Employing Serid Binary Data Interchange
(Electronic Industries Association, July 1991).

3344 Air Traffic Control Unit I nterface

The vendor shdl definedl ATCU and integrated ATCU interface requirements. The interface
characterigtics shal be commercialy available and in accordance with 1SO standards and
recommendetions.
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4. Verification

4.1 Test Program

The testing and test activities of ingpection, analys's, and demongtration assure that LGF
hardware, software, and system requirements have been fully satisfied in accordance with the
Acquisition Management System Test & Evauation Process Guiddines (FAA, July 1997).
These guiddines minimize reliance on explicit policies defining the conduct of test and
evauation. Practica testing gppropriate to each acquigition is strongly supported. The
quaification requirement verification process specified herein isin accordance with the
guiddines.

Operationa Test (OT) shall be conducted in support of the acceptance of the LGF in accordance
with the requirements of this specification and operationa requirements of the LAASRD. OT is
normally conducted with contractor support at the designated FAA tet facility; the FAA

William J. Hughes Technicd Center (WJIJHTC). Development Test (DT), Production Acceptance
Test (PAT), and Site Acceptance Test (SAT) are performed at the contractor facility and should
reference the Verification Requirements Test Matrix (VRTM) in Appendix C.

For a non-government acquisition, certification is normaly granted through a Type Acceptance
program. Type Acceptance and OT may be conducted concurrently. For a non-government
acquisition, it is not mandatory to conduct OT at the FAA designated facility. To support the
FAA Government Industry Partnership (GIP), operationa performance can be verified via
government furnished aircraft and government furnished Time, Space, Position Information

(TSPI) equipment. Raw data and results from the contractor and government could be pooled for

analysi's purposes.

41.1 General Testing Requirements

4111 Development T est

DT activities shdl be conducted to verify that the implemented hardware and software design
meets the functiond and performance requirements of the LGF specification. Specific tests for
verification are not conveyed, but normally include the verification of software and hardware
requirements, Sability and dry running, and system leve testing.

4112 Production Acceptance Test

PAT shdl be performed on each end-item before it leaves the factory to verify that the end-item
conforms to gpplicable requirements, is free from manufacturing defects, and is substantidly
identical to the qualified system.

4113 Site Acceptance Test

SAT is conducted after completion of hardware ingtalation and checkout and the ingtdlation has
been ingpected and gpproved for workmanship and configuration. SAT isaccomplished initialy
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for the developmenta system, and is repeated for each production system after PAT. Contractor-
conducted testing shall be performed at each fied Ste to verify that the new system isingtalled

and operating properly on Ste.

4114 Verification M ethods

The LGF Test Program shdl use the verification methods of Demondration (D), Inspection (1),
Anayss(A), and Test (T). These methods are defined as follows:

a. D — Demondration isamethod of verification where quditative versus quantitative
vaidation of arequirement is made during a dynamic test of the equipmen.
Demondration activities are further characterized by the following:

1.  If arequirement isvdidated by test during firg article qudification testing and
the requirement has enough significance that it is re-tested during acceptance te,
then this acceptance testing can be indicated in the VRTM as a Demondtration.

2. Software functiond requirements are vaidated by demongration since the
functiondity must be observed through secondary media

b. I —Ingpectionisamethod of verification to determine compliance with pecification
requirements and consst primarily of visua observations, mechanicad measurements of
the equipment, physica locations, and technical examination of engineering-supported
documentation.

c. A —Andyssisamethod of verification that congsts of comparing hardware or software
design with known scientific and technica principles, technica data, or procedures and
practices to vaidate that the proposed design will meet the specified functiona and
performance requirements. Anayss dso includes the use of modding and smulation.

d. T-Testisamethod of verification that will measure equipment performance under
Specific configuration-load conditions and after the controlled application of known
simuli. Quantitative values are measured, compared againgt previous predicted success
criteria, and evauated to determine the degree of compliance.
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Appendix A
I nterference Environment

The interference environment shdl be congstent with the following figures and tables (Figure H-

1 of the MASPS, Figure H-2 of the MASPS, and Tables H-1 and H-2 of the MASPS). Reference
Receivers shal meet the performance requirements of this specification when operated within

the specified operating environment, given ranging sgnd levesof —130 dBm for the GPS

sadlite Sgnas —131 dBm for SBAS satellite signas, and as defined in Appendix D of RTCA
DO-246 for Airport Pseudolites (APLS).
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Figure A-1. H-1 (MASPS) Interference Levels At Output Of Idedlized O Dbi Antenna
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Figure A-2. H-2 (MASPS) In-Band and Near-Band Interference Environments

Table A-1. H-1 (MASPS) Out-of-Band Pulse Interference

GPS/SBASAPL GPS/APL Only
Peak Power +30dBm +30dBm
Pulse Width 125 rsec 1ms
Pulse Duty Cydle 10% 10%
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Table A-2. H-2 (MASPS) In-Band And Near-Band Interference Bandwidth Definitions

BANDWIDTH INTERFERENCE LEVEL
0£ BW| £ 700Hz -116 dBm
700Hz <BW| £ 10kHz -115 + 6 log1o(BW,/1000) dBm
10kHz < BW| £ 100 kHz -109 + 310g7(BW,/10000) dBm
100kHz <BW| £ 1 MHz -106 dBm
1MHz<BW, £ 20 MHz Linearly increasing from -106 to-93 dBm*
20 MHz < BW, £ 30 MHz Linearly increasing from -93 to-87 dBm*
30 MHz < BW, £ 40 MHz Linearly increasing from -87 to -85 dBm*
40MHz <BW, -85 dBm*

*|nterference levels will not exceed -106 dBm/MHz in the frequency range of 1575.42 + 10 MHz.
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Appendix B
Configuration Management and Quality Control

B —1. Configuration Management

Configuration Management for the FAA isimplemented in accordance with MIL-HDBK-61 and
ElIA-649. FAA CM includes, but is not limited to, the following:

a.  Configuration Control Board
Configuration Control Boards (CCB) are established to evauate al proposed changes to
aCl. The CCB aso advises the CCB Chair on disposition of a change.

b. Configuraion Identification
Configuration identification includes the sdection, description, and naming of the
physica and functiond characteristics of asystem. Configuration Items (Cl) are those
specification items whose functions and performance parameters must be defined and
controlled to achieve the overdl end use function and performance.

c. Configuraion Control
Configuration contral isimplemented to manage changes to the established and agreed
upon basdline of dl identified Cls. Any proposed change to a Cl must go through a
formal evauation and gpprova process. Configuration control processes also maintain
interfaces and support interoperakility.

d. CM Audits
Configuration audits are conducted to verify accomplishment of devel opment
requirements and achievement of a product through examination of the technical
documentation. An audit validates traceshility of basgline changes from source to
object, source to listing, source to documentation, and source to requirement. Audits
aso validate incorporation of gpprova changes and provide integrity for basdlines.

e. Configuration Status Accounting
Configuration status accounting activities are conducted to record and report information
necessary to manage Cls. Records and reports include records of approved
configuration documentation and CI numbers; reports on the status of proposed changes,
deviations and waivers; and reports on the implementation status of approved changes.

B — 2. Quality Control

A Qudlity Control Program Plan for the LGF is aso developed. This plan should include
procedures for monitoring and eva uating the processes of configuration management, facilities
management, and system verification. Procedures for evauating the sysems for controlling
Government Furnished Equipment (GFE), NDI, and Commercid off-the-Shelf (COTS)
equipment are provided.
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Verification Reguirements Tracegbility Matrix
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Verification Leve

and Method
Paragraph Requirement DT PAT SAT Remarks
31 LAAS Ground Facility General Requirements Title
311 Coverage Volume Definitions only
3111 Approach Coverage Volume T,A
3112 VDB Coverage Volume T,A T T For DT - antennatested on antennarange over
frequency band; transmitter tested over temperature
and humidity conditions
312 Integrity Title
3121 Integrity of Ranging Sources A
3122 Integrity of the Ground Facility A
3123 Integrity of aSingle RR A
3124 Latent Failures A
313 Continuity Title
3131 VHF Data Broadcasting Transmission Continuity
3132 RR and Ground Integrity Monitoring Continuity
3133 Latent Failures Affecting Continuity AT
314 States and Modes Title
3141 States D D D
LGFOn D D D
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks

LGF Off D D D

3142 Modes D D D
Normal D D D

Not Available D D D

Test D D D

3143 Normal Mode D D D
Conditions D D D

1 Alert D D D

2 Service Alert D D D

3 Constellation Alert D D D

Actions D D D

1 Approach Control D D D

2 Periodic Maintenance D D D

3 Non-Intrusive Diagnostics D D D

4 LRU Replacement D D D

5 Data Recording D D D

6 Status Monitoring D D D

7 User 1D and Password Change D D D

8 Adjustment Storage D D D

9 Automatic Restart D D D
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Verification Level

and Method

Paragraph

Requirement

DT

PAT

SAT

Remarks

10

Fault Recovery

D

Transition criteria

Title

Entering Normal Mode

From Off State

From Test Mode

From Not Available Mode

Exiting Norma Mode

To Not Available Mode

To Test Mode

3144

Not Available Mode

Condition

Alarm

Actions

Automatic restart

States and modes display

System power display

Al W[N] P

System events recording

|l0o|]0|(|0(0|]0|0(0|0|0|]0(0C|0]0|0

|]oo|]0o|]0|l0O|(0(0D|]0|]0C|0|0|0|0(0|0

|l0|]0|(|0D|(0|]0|0(0|0|]0|]0(0C|0]0|0

Transition criteria

Title

Entering Not Available Mode

@)

v

W)

From Normal Mode
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Verification Level

and Method

Paragraph

Requirement

PAT

SAT

Remarks

From Test Mode

Exiting Not Available Mode

To Norma Mode

To Test Mode

3145

Test Mode

O|l0|0(0|0O

| 0|]0|0]|0

|0 00| 0O

Conditions

Alert

Service Alert

Constellation Alert

Al W IDN]| P

Alarm

Ol0|0| 0O

O|0|0| 0

Ol0|0]| 0O

Maintenance and Test Actions

Reset the LGF

Intrusive and non-intrusive diagnostics

Trouble shooting

Site specific parameter change

Alerts and alarms threshold change

Redundant equipment status change

Monitor bypass

VDB bypass

O || N0 | ™| W[IDN|PF

Approach Control
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
10 Periodic Maintenance D D D
1 LRU Replacement D D D
12 Data Recording D D D
13 Status Monitoring D D D
14 User 1D and Password Change D D D
15 Adjustment Storage D D D
16 Fault Recovery D D D
Transition criteria
1 Entering Test Mode D D D
From Norma D D D
From Not Available D D D
2 Exiting Test Mode D D D
To Normal D D D
To Not Available D D D
315 Executive Monitoring Title
3151 Fault Monitoring D
Table 3-1 D
Table 3-2 D
31511 Fault Recovery D
31512 Generation of Alerts T
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks

31513 Generation of Service Alerts T
31514 Generation of Constellation Alert T
31515 Generation of Alarms T

Number of measurements set to zero T

VDB terminated T
315151 Automatic Restart T T T
316 Software Design Assurance I
317 Complex Electronic Hardware Design Assurance I
32 Data Broadcast Title
321 Broadcast Data Requirements D D D Demonstration of manually entered data
3211 LAAS Message Block |
32111 Message Block Header Title
321111 Message Block Identifier T
321112 Ground Station I dentification T
321113 Message Type Identifier T
321114 Message Length T
32112 Message T
32113 Cyclic Redundancy Check T
3212 Type 1 Message — Differential Corrections T T T
32121 Modified Z-Count T
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
32122 Additional Message Flag T
32123 Number of Measurements T T T
32124 Measurement Type T T T
32125 Ephemeris Cyclic Redundancy Check T T
32126 Source Availability Duration T T
321261 Reception Mask T T T
32127 Ranging Source Measurement Block T T
321271 Ranging Source | dentification T T
321272 Ranging Signal Sources T T Title
GPS SPSsignals T T
SBASsignals T T
321273 Conditions for Transmitting the Ranging Source Title
Measurement Block
3212731 Valid GPS Ranging Sources TA
signal deformation; T
RF Interference (RFI) in excess of levels defined in T
Appendix A;
signal levels below those specified in the GPS SPS T
Signal Spec
code/carrier divergence; T
Excessive acceleration T
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Verification Level

and Method

Paragraph

Requirement

DT

PAT SAT

Remarks

3212732

Valid SBAS Ranging Sources

TA

RFI in excess of levels defined in Appendix A;

signal levelsbelow WAAS Specification FAA-E-
28928

code/carrier divergence;

Excessive acceleration

_|

3212733

Valid GPS Navigation Data

Title

Three or more parity errors

IODE does not match IODC

HOW set to one

All databits are zerosin subframes 1, 2 or 3

Default navigation data transmitted

Preamble does not equal 8B

All RRs have not decoded same ephemeris

Broadcast ephemeris orbit more than 7000 m from
amanac orbit

I I

Pseudorange correction or rate exceeded

“Do not use” message from SBAS

Ephemeris CRC changes, IODE doesn't

Decoded PRN is 37

4|44+

3212734

Valid SBAS Navigation Messages

Title
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
three or more parity errors T
dl RRs not decoded the same ephemeris and clock T
data;
Broadcast ephemeris orbit more than 200 km from T
almanac orbit
D[fferenc&sin position greater than 0.12 min last 4 T
minutes
Morethan 4 minutes elapsed since last SBAS T
navigation message
Pseudorange correction or rate exceeded T
“Do not use” message from SBAS T
321274 Issue of Data T
321275 Pseudorange Corrections D
3212751 Smoothed Pseudorange Title
Correlator spacing 0.1 chip Al
Tracking loop bandwidth > 0.125 Hz Al
Strongest peak tracked Al
3212752 GPS Predicted Range Tl
3212753 SBAS Predicted Range T,
3212754 GPS Smoothed Pseudorange Correction Tl
3212755 SBA'S Smoothed Pseudorange Correction Tl
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
3212756 Broadcast Correction Tl
Calculated according to equations 5 and 6 Al
If Ncislessthan four, no corrections provided T
M shall be at least 3 for the fault free configuration. I I I
Each RR measurement (m,n) updated at 2 Hz rate. T
Each RR measurement (m,n) shall be identical Al I
signal processing.
32127561 Correction Errors Title
smoothing filters have converged T
the magnitude of the associated B-values within T
tolerance for GPS
the magnitude of the associated B-values within T
tolerancefor SBAS
the magnitude of the pseudorange correction does T
not exceed 327.67m
321276 Pseudorange Correction Rate T
3212761 Condition for Valid Pseudorange Correction Rate T
Pseudorange correction rate does not exceed +/-3.4 T
m/s
Standard deviation does not exceed 4.0 cm per T
second
32127611 Pseudorange correction rate monitor T
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks

321277 Sigma Pseudorange Ground AT

VPLyo and LPLyg bound user error AT T

VPLy; and LPLy1 bound user error AT T

Spr_gnd Complieswith equation 11 and table 3-5 T T DT over temperature and humidity
3212771 Condition for Valid Sigma Pseudorange Ground AD Title
321278 B-Values T D D
3213 Type 2 Message — Differential Reference point T T T
32131 Installed Receivers T D D
32132 Accuracy Designator T D D
32133 Continuity and Integrity Designator T D D
32134 Loca Magnetic Variation T D D
32135 Refractivity Index T D D
32136 Scale Height T D D
32137 Refractivity Uncertainty T D D
32138 Latitude T D D
32139 Longitude T D D
321310 Vertical Ellipsoid Offset T D D
3214 Type 4 Message — FAS Data T D D
32141 Data Set Length T D D
32142 Final Approach Segment Data Block T D D
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
321421 Operation Type T D D
321422 SBAS Provider Identification T D D
321423 Airport Identification T D D
321424 Runway Number T D D
321425 Runway L etter T D D
321426 Approach Performance Designator T D D
321427 Route | ndicator T D D
321428 Reference Path Data Selector T D D
321429 Reference Path Identifier T D D
3214210 LTP/FTP Latitude T D D
3214211 LTP/FTP Longitude T D D
3214212 LTP/FTP Threshold Height T D D
3214213 Flight Path Alignment Point Latitude T D D
3214214 Flight Path Alignment Longitude T D D
3214215 Approach Threshold Crossing Height T D D
3214216 Approach Threshold Crossing Height Unit Selector T D D
3214217 Glidepath Angle T D D
3214218 Course Width T D D
3214219 Delta Length Offset T D D
3214220 Final Approach Segment Cyclic Redundancy Check T D D
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks

32143 Final Approach Segment VAL/App status T D D
32144 Final Approach Segment LAL/App status T D D
322 RF Transmission Characteristics and Broadcast Title

Monitoring
3221 Symbol Rate T
3222 Emission Designator |
3223 Antenna Polarization T
3224 Field Strength T Test over frequency band, temperature and humidity
32241 Measured field strength T

Horizontal minimum 215 mv/m T

Horizontal maximum 350 V/m T

Vertica minimum 136 mv//m T

Vertical maximum 221 V/im T
32242 Phase offset T
3225 Spectral Characteristics Title
32251 Carrier Frequencies T T DT over frequency band
32252 Spurious Emissions T Test over frequency band
3226 Adjacent Channel Emissions T Test over frequency band
32261 Adjacent Temporal Interference T Test over frequency band
3226.2 Freguency Stability T Test over temperature and humidity
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
3227 Modulation Tl
32271 Pulse Shaping Filters Tl
32272 Error Vector Magnitude T,
3228 M essage Encoding Tl
3229 Broadcast Timing Structure Division Multiply Tl
Access
32210 M essage Format T,
323 RF Broadcast Monitoring Title
Disagreement between transmitted and stored data T D
for 3 seconds
Changein transmitted power by 3 dB T D
More than 0.2% of messages not transmitted T D
No transmission for 3 seconds T D
Dataout of TDMA slot for 3 seconds T D
33 Operation and Maintenance Title
331 System Requirements Title
3311 Environmental Design Values T
33111 Environmental Service Conditions T
33112 Wind and Ice Loading T
33113 Non-Operating Conditions T
3312 Primary Power T T
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Verification Level
and Method
Paragraph Requirement DT PAT SAT Remarks
3313 Supplementary Power T T D
33131 Power Supply T D D
3314 Environmental Sensors Title
intrusion detector sensor, I I I
smoke detector sensor, I I I
obstruction lights sensor, I I I
AC power sensor, | | |
inside temperature sensor, I I I
outside temperature sensor. I I I
33141 Intrusion Detector T
33142 Smoke Detector T
33143 Obstruction Lights T
33144 Alternate Current Power T
33145 Inside Temperature T
33146 Outside Temperature T
3315 Fault Diagnostics D D D
automatic diagnostics when alarm occurs. D Test sample of simulated failures
Fault isolation 90% to group of three LRUs or less T “ “
using autometic diagnostics.
Manual isolationto asingle LRU - 100% D “ “
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks

3316 Maintainability of Electronic Equipment Title

33161 M aintenance Concept I

33162 Unscheduled Maintenance Title

331621 Reliability A

3316.22 Maintainability A
diagnostic time, T Test sample of simulated failures
removal of thefailed LRU, T “ “
replacement of the new LRU, T “ “
initialization of the new LRU, T “ “
al adjustments required to return the LGF to normal T “ “
operation.

33163 Periodic Maintenance DA Demonstration of sample PM tasks

33164 System specialist workload D,A

3317 Security D

33171 System Identifiers and Authenticators D

331711 Security Levels D D

331712 Read Access D D

331713 Write Access D D

33172 User Identifications and Passwords D

33173 Invalid User Identification Entry Title
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
an error message to be output to the MDT, D
the security level access procedure to be terminated D
after 3invalid entries
the LGF security processto return to an idle state. D
Accessinhibited for 15 min. after 3invalid entries D
33174 Invalid Password Entry Title
an error message to be output to the MDT, D
the security level access procedure to be terminated D
after 3invalid entries
the LGF security process to returnto an idle state. D
Accessinhibited for 15 min. after 3invalid entries D
33175 Log-on Time-out
3318 Physical Design and Packaging Al
33181 Obstruction Lights I
3319 Electrical Title
33191 Hectrical Wiring I
331911 Externa Wiring I
33192 Alternating Current Line Controls I
33193 Main Power Switch I
33194 AC Line-Input Resistance to Ground I
33195 AC Line Connectors and Power Cord I
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
33196 Alternating Current Line Controls I
33197 Transformer |solation, Direct Current Power I
Supplies
33198 Voltage Regulators I
33199 Convenience Outlets I
331910 Circuit Protection I
331911 Electrical Overload Protection I
3319111 Current Overload Protection I
3319112 Protective Devices I
331912 Circuit Breakers I
3319121 Short Circuit Coordination I
3319122 Normal Performance I
331913 Test Points and Test Equipment I
3319131 Built in Test Device Regquirements I
3319132 Location of Test Points and Adjustment Controls |
3319133 Test Point Circuitry Protection I
3319134 Failure I
331914 Electrical Breakdown Prevention I
331915 Grounding, Bonding, Shielding, and Transient I
Protection
331916 Obstruction Lights I
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
331917 Power Factor I
331918 Peak Inrush Current I
33110 Markings |
331101 RF Connectors I
331102 Fuse Markings |
331103 Termina Strips and Blocks |
331104 Controls and Indicating Devices I
331105 Nameplates |
33.1.106 Safety Related Markings |
33.1106.1 Physical Hazards I
3311062 Center of Gravity I
331107 Accident Prevention Signs and Labels I
331108 Sign Design I
331109 Sign Classification and Detailed Design I
3311091 Class| - Danger Classification I
3311092 Class || - Caution Classification I
3311093 Classll - General Safety Classification I
3311094 Class|V - Fire and Emergency Classification I
33111 Personnel Safety and Health I
331111 Human Factors Engineering Al
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
Hazardous Components, Al
Safety-Related Interface Considerations Al
Environmental Constraints Al
Operating, Test, Maintenance, And Emergency Al
Procedures,
Facilities And Support Equipment, Al
Safety Related Equipment, Safeguards Al
331112 Electrical Safety I
3311121 Ground Potential I
3311122 Hinged or Slide Mounted Panels and Doors I
3311123 Shielding I
3311124 RF Voltage Protection |
3311125 Electrical Connectors I
331113 RF Limits | Title
3311131 Applicability of Federal Standards Al
3311132 Radiation Hazards and Protection Al
331114 Cathode Ray Tubes Al
33112 Hazardous and Restricted Materials Al
33113 FCC Type Acceptance and Registration T
33115 Preparation for Delivery Title
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks

331151 Preservation and Packaging I

331152 Packing |

332 Control and Display Al

3321 Local Status Panel I

33211 LSP - Modes and Service Alerts T T D
332111 LSP- Initidization T T D
33212 LSP— Aura Signal D D D
33213 LSP— Mute Switch D D D
3322 Remote Status Panel I

33221 RSP— Modes and Service Alerts T T D
332211 RSP - Initialization T T D
33222 RSP - Aural Signa D D D
33223 RSP - Mute Switch D D D
33224 RSP - Supplementary Power D,A D D
3323 Maintenance Data Terminal I

33231 MDT Control and Display D D D
332311 Restart D D D
33232 Status and Modes Display D D D
33233 Alertsand Alarm Display T T D
33234 VHF Data Broadcast Display D D D
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks

33235 VHF Data Broadcast Control D D D
33236 VHF Data Broadcast Message Data D D D
M essage Header D D D

1 Reference Station 1D D D D

Type 1 Message D D D

1 Measurement Type D D D

Type 2 Message D D D

1 LGF Ingtalled RRs D D D

2 L GF Accuracy Designator D D D

3 Local Magnetic Variation D D D

4 Refractivity Index D D D

5 Scale Height D D D

6 Refractivity Uncertainty D D D

7 Latitude D D D

8 Longitude D D D

9 Vertical Ellipsoid Offset D D D

Type 4 Message D D D

1 Data Set Length D D D

2 FAS DataBlock - manually entered as a block D D D

Operation Type D D D
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks

b |SBAS Provider Identification D D D
¢ |Airport Identification D D D
d [Runway Number D D D
e (Runway Letter D D D
f |Approach Performance Designator D D D
g |Route Indicator D D D
h |Performance Path Data Selector D D D
i |Reference Path Identifier D D D
j |LTP/FTP Latitude D D D
k [LTP/FTP Longitude D D D
| [LTP/FTP Height D D D
m |FPAP Latitude D D D
n [FPAP Longitude D D D
o |TCH D D D
p [TCH Unit Selector D D D
q |GPA D D D
r |Course Width D D D
s |DeltaLength Offset D D D
t [FASCRC D D D

FASVAL/Approach Status D D D
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
FAS LAL/Approach Status D D D
33237 System Power Display D D D
33238 Alertsand Alarm Status Display D D D
33239 Alertsand Alarm Threshold Display D D D
332310 Alertsand Alarm Threshold Control D D D
332311 Monitor By-pass D D D
3323111 By-pass annunciation D D D
3323112 By-pass actions D D D
332312 Static Site Data Display D D D
VDB Fregquency D D D
VDB Power D D D
TDM Time Slot(s) D D D
RR Geodetic Coordinates D D D
332313 Static Site Data Control D D D
VDB Freguency T D D
VDB Power T D D
TDM Time Slot(s) T D D
RR Geodetic Coordinates D D D
332314 Runway Data Display D D D
332315 Runway Data Control D D D
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
332316 Redundant Equipment Status Display D D D
Main - Primary LGF Equipment D D D
On-line D D D
Failed D D D
Disabled D D D
Standby - Backup/redundant L GF Equipment D D D
Available D D D
Failed D D D
Disabled D D D
332317 Redundant Equipment Control D D D
332318 Diagnostics Display D D D
332319 Diagnostics Control D D D
Non-intrusive - LGF remainsin Operational Mode D D D
Intrusive - LGF isin Maintenance Mode. D D D
332320 Temperature Display D D D
332321 Adjustment Storage Al
3324 Remote Maintenance I nterface DN [ I
3325 ATCU |
33251 ATCU - Approach Control D D D
33252 ATCU - Operational Status Display D D D
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Verification Level

and Method

Paragraph

Requirement

DT

PAT

SAT

Remarks

33253

ATCU - Modes

D

33254

ATCU - Maintenance Display

33255

ATCU - Constellation Alert Display

33256

Aural Signal

33256.1

Audio Control

33257

Design Requirements

332571

Monitor Design Requirements

Configurable

Rack Mounted in Standard 19" Rack

Flush Mounted

Independent Workstation

Display Screen Attributes

14" Flat Color Screen LCD

Resol ution of 800x600 and 72 dpi

Refresh Rate of Greater Than 70 Hz

Al W IDN]| P

160° Viewing Angle, Horz. and Vert.

(6]

Touch Screen

Visible Under dl Lighting Conditions

O[O | O

|0 | 0O

O[0O| O

L uminescence from 40 to 900 nits
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
Anit-glare does not Reduce Light to less than 800 D D D
nits
External Components and Controls
Speaker D D
Volume Control D D D
Brightness Control D D D
333 Recording Title
3331 System Events D D D
3332 Events Recording D D D
3333 VHF Data Broadcast Recording D D D
3334 Reference Receiver Data D D D
334 Interface Requirements Title
3341 Local Status Panel Interface I
3342 Remote Status Panel Interface I
3343 MDT Interface Title
3344 ATCU Interface I
4 Verification
41 Test Program
411 General Testing Requirements
4111 Development Test I
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Verification Level

and Method
Paragraph Requirement DT PAT SAT Remarks
4112 Production Acceptance Test I
4113 Site Acceptance Test |
4114 Verification Methods

Demonstration

Inspection

Analysis

Test
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Appendix D
Acronyms

A
AC

ATLEINGLING CUMTENL ...ttt sesee s esees st sesesssssseesssessesesesesesseseseseesesssesassesesesessssssnssssesssnsessssesssnsessesssnsssnssnsessnenes 16
AGL

F Y o0}V €1 (010 10 To [ =< 6
ANS|

American National StANUAIrAS INSLTULE...........covciieeiieeeceeeeee ettt a s e b s e s e e s e st e s s b e see e st e e sbeseennans 47
APL

N 010 ST o [ = 1
ARTCC

Al ROULE TraffiC CONLIOI CBINLET......c.cieetceiieiseee ittt ettt bbbt se b e e e s e e ssse b e bese st sesbe e st sesbenssesbebssnanas 58
ASIC

Application SPecCific INtEJrated CITCUIL .......coovvicieiririceresee et b e s s s s e snsessnnas 17
ATC

F N L L= (o0 1 o T 1
ATCU

F S I = LT3 O] 11 0 I 1 T 1
B
BIT

[0 g I 37
C
CFR

Code Of FEAEral REJUIALIONS ..ottt bbbttt bt s bt s s st s s s annee 4
ClOo

(O aTES a1 L0l aT= (Lo IO o= T 42
COTS

COMMEICIAFOTFNE-SEIT ...ttt b st b et e et e st b e besese st e b e et ebebeassesbess s sestenesestne 1
CRC

CyClic REAUNAANCY CRECK........ceevieieiricisicteetie et e 18
Cs

COMIMEICIBI SECUIITY ..evreerieteeeereie sttt es bbb e b bbbttt 12
D
DC

[ T1C= o QO 014 {< | ST 44
dpi

[ L0 o= G 1T T 58
DT

L= o o] 1 =T LA = O 61
E
ERP

L AL AV RE= 10 [z <o [ o Y R 33
F
FAA

S0 (S WANVIE= (Lo g W ANo [0 a T aTES 1= ({10 o 1
FAS

Final APProach SEOMENL.........ccieeeiee et et b bbbttt bbbt et e s e s e bt ese b e b et e se s et et ebasebebesesnbebesnsntesasas 3
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FCC

Federal CommUNi Cation COMIMISSION.......c.iuiiuiuetririieesrereeeeseesesesesesseseassssseesssessesesssessssesssssessesssssessesesssessssssssesasssassessssenssnss 50
FPAP

Flight Path AlIGNMENE POINT ........ccouiiiiieiriiccee et s s s s s bbb s st s s s s st ss s ae b e s s s ansessasaesessanans 6
FTP

FiCtitioUS THIESNOIA POINL.......c.cuitiitrieirieiree sttt e bbb s s bbbt 6
G
GCID

Ground Continuity and INtEQrity DESIGNALOT..........ccuirreerreerreeerresee st ss s 30
GFE

Government FUrNiSNE EQUIPIMENT. ..ottt s sese s s es e nnsenais 1
GIP

GovernMEeNt INAUSLTY PaITNEISNIP ..ottt st 61
GPA

(€10 1= o= 1 1N o |- TP 32
GPS

GlObal POSITIONING SYSLEIM......cucucieiicecierice ettt b e s s et s b e s s s s e st s e et et s s st s s snten 1
H
HOW

HENA-OVEI-WOET......coeeeieieecieietee ettt bbbttt 23
HPOL

LT le 1= I o) K= 4= 11 o TR A
I
ID

[0 T=: 01U To%= o] o I F OO OO TTTSTT 18
IOD

LRSS =Y o] D - - VOO 23
IODC

[OD  ClOCK. ...t eatreueeriaeireie sttt b essbsess b seas s ae st a R £ ARt bbbt 23
IODE

L@ o] 1= 0 1= OO 23
ISO

International Standards OFgani ZBLION. ...ttt s et 60
L
LAAS

Local Area AUGMENTALTON SYSLEM.......ccveriririereriertie et 1
LAL

LAEEIEl ALEIT LIMIT....oeceieitierieectetsireeie ettt se sttt bbb bbb et bbb E et b et s et 31
LGF

LAAS GrOUNG FACHILY ..vcviviieceeteiceietsiscete ettt s s s s s b bt s et s s e st s s bbb s s anses s anastessanans 1
LNAV

L= = = NN = LY7o = o) TR %)
LPL

Lateral ProtECION LIMIt ....c.cvieeieeeireeeiseesiseireee ettt bbbttt 27
LRU

Line REPIACEADIE UNIT ..ottt bbbttt 16
LSP

L OCEI SEALUS PBNEL ...ttt bbb £ s bbb st b bbbt ee s ae bt e naas 1
LTP

Landing THreSNOIA POINL.........cciiieeieeicesisee sttt ettt a st a sttt s et ettt s bt e b e bbbt et e bt ebea et besesetebesnansnsnsnsns 6
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M
MASPS

Minimum Aviation System Performance Standards............ccceeeerieieinenesse et ssss e ssssssssesssssssesssssans 1
MDT

MaiNtENANCE DALA TEIMINE .......cu ettt ea bbb bbb bbb bbbt 1
Ml

VRS o [ gTo N g1 0] 107= 1 o o OO 8
MOPS

Minimum Operational Performance StANAITS. ..o 1
MTTR

M EAN-TIME-TO-REPAIT ......vueerierircrreree ettt b bbbt 17
N
NAS

NGLIONGl ATTSPECE SYSLEIM.....cvcietieeieieteteteie ettt sas et s st ea e st et esebe b s esetebesese bt e s ese b et et esete b et et e bebesesebebeseaetebebetetebesnansntasnsas 1
NDI

NON-DEVEIOPMENTAI TLEM......ocvcviececteeccte sttt bbbt st e s ae s s bbb s s et e s s an st s s antee 46
NVM

L0 eV o = 1 =AY = 4o TR 18
o
OSHA

Occupational Safety @A HEAITN ACL ... e 48
oT

OPEIELTONEI TESL......cuveecreeerreie ettt es s bbb bbbt 61
P
PAT

ProduCTioN ACCEPLANCE TESL.....c.cuiueicieieieieieieie ettt et et ss et s et as st ebesese b e b e b e s et e b esesabebesesabebebesabebesasatebesasnbebesnsntnsasas 61
PLD

Programmable LOGIC DEVICE ...ttt sttt a b s ettt s s st s s antee 17
PRC

S (0 0] a0 X @0 = ox 1 o o TR 14
FJT

LS 0 0= (ot I OO 1
PVT

POSItiON, VEIOCILY, BN TIME ...ttt a s et s et se s st sn s s s sesese e s e e snseesennansnsnennans 6
R
RF

RAMIO FIEOUENCY ......oueutieeireecieie et tress sttt e bbbttt 21
RFI

R TNEEITEIEICE .......eeeereetreee ettt bbb £ R £ b e bbbt bbb bbbttt 21
RMI

REMOLE M A NLENANCE INEEITACE........ce ettt e bbbt 1
RR

REFEIENCE RECEIVE ...ttt bbb s e ettt 8
RSP

REMOLE SEALUS PANEL..........coeieececieerie ettt a e st s et se s se et e e e st e s sesesebes e e snsnenennansnsrennnns 1
S
SAT

SITE A CCEPLANCE TESL.....oucuriereees ettt ee s bbb e et b e b et 61
SBAS

Satellite-Based AUGMENTALION SYSLEM........coiiiiiriiereririres sttt se e s se s s s e s s e s s s e s 1



FAA-E-2937
September 21, 1999

SPS

StaNdArd POSITIONING SEIVICE......cciiieiiireririierestsist sttt sttt sttt st s st s st st e s st e s st e e et e e ne st e et ne e st e e e nn s s e s 1
SSA

SYSLEM SAfELY ASSESSIMIENL......cucucteieuieeteirecie et se st se st s e st s e ss b b e s s s e s ee e st b s e e A e b e s s an b et s e se bt s s e s e b s s antes s s antee 17
T
TCH

LT 0] (o @ 0155 T ol o 1= o o OO 32
TDMA

TimE DiViSiON MUITIPIE ACCESS......c.cuieeetieitireset ettt bbbt 14
TRACON

Terminal Radar APProach CONIIO .........cciiriricrreereie et 58
TSPI

Time, Space, POSITiON INFOMMIBETON.........coiiiiieeireee e 61
U
UL

UNAEIWEITErS LADOTBIOMES .....ceuveeieeriretsiseiseeiseet sttt sttt bbb s b bbbttt 40
\%
VAL

VEIICAL ATEIT LIMIT ...ttt bbb bbbt 31
VDB

VHF DBLA BIOAUCASL........cceeeureeereenreeiresisseesesessesesesssstsesessssssesessssssssessssesssssssssnsssssssssssssessssssssenssssssssnssnssssssssesssnssesessenssnsesnens 1
VHF

VEIY HIGN FIEQUENCY......o.ceeeeieetie ettt bbb 1
VPL

VErtiCal PrOLECLION LIMIT ..ottt sttt bbbt bbb bbbt ne bt 27
VPOL

VEITECAl POIAIZALION ......vuieeeeretieect ettt bbb bbbttt A
VRTM

Verification REQUITEMENES TESE IMALITX........cvuiirerietrerisieesiseese st sesssssssessss s s ssss s sssssessssssssessssssssesesssssssssssssssessssnns 61
W
WAAS

Wide Area AUGMENTELION SYSLEM.......cerereceriricrieireseseesesessse st esessssssesessss s s e sesss s esssssesesssesessssesssesassesssnsnesssnsesssnens 20
WJIHTC

William J. HUGNES TECHNICBl CONLEN.......c.cucueeeireeeereerietreei et 61
Y
Y2K

Y EAI 2000......c.cueeuetreueereueereereseesesesesseseseeseseeeseesseeessseessseesessesessesesseseeeseeseeeeAeEee A e A e R e R e A e e A e £ £t e RS RS e A e R e A ee b s et et bttt 17
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Appendix E
Assumed Airborne Processing

The arborne recaiver is assumed to be operating fault free and meeting dl the performance
requirementsin the LAAS MASPS. The airborne receiver is assumed to be computing the
Lateral Protection Limit (LPL)/Vertica Protection Limit (VPL), as defined in Section 3.1.3.4.6
of the LAAS MASPS.

Section 3.1.2.3 isintended to satisfy the prior probability of a RR falure assumed in the H;
VPL/HPL equation.

Section 3.2.1.2.7.3.1 (a) defines parameters for detecting a distorted GPS signd.  The parameters
are based on the airborne tracking congtraints contained in the LAAS MOPS and summarized
here for convenience. Table E-1 specifies the regions where an airborne receiver is dlowed to
operate such that the LGF will insure that a distorted signal as described in Section 3.2.1.2.7.3.1
(a) of the LGF specification can be detected. Operating outsde of this region, the LGF cannot
guarantee the integrity of the GPS correction associated with that satdllite.

Table E-1. GPS Tracking Condtraints

Regionin 3dB Pre- Average I nstantaneous Differentid
FigureE -1 Correlation Correlator Correator Group Delay
Bandwidth, BW Spacing Spacing
1 0<BWE£ 7MHz 0.045-1.1 0.04-1.2 (no congtraint)
2 7<BWE£ 16 MHz | 0.045-0.21 0.04 -0.235 £ 150 ns
3 16 <BW £ 20 MHz | 0.045-0.12 0.04-0.15 £ 150 ns

Figure E-1 is arepresentation of the protected region specified in Teble E-1.
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20 MHz
Region 3
< 16MHz
i
é Region 2
m
)
z
8 7MHz
Region 1
0MHz >
.045 0.12 0.21 11

Average Correlator Spacing (Chips)
Figure E-1. Receiver Bandwidth vs. Average Corrdator Spacing

The instantaneous correlator spacing is defined as the spacing between a particular set of early
and late samples of the corrdation function. The average correlator spacing is defined as a one-

second average of the instantaneous corrdator spacing. The average applies over any one-
second time frame.

The discriminator (D) is based on an average of corrdator spacing within the specified range, or

isadiscriminator of the type D = 2Dy; - Dog1, With dy and 2d; in the pecified range. Either a
coherent or a non-coherent discriminator may be used.

The differentia group delay appliesto the entire aircraft installed system prior to the correlator,
induding the antenna. The differentia group delay is defined as

df (,\ df
I (r)- 9 (s
olfe)

3dB)
where f; is the pre-correlation band passfilter center frequency,
fagg  arethe 3dB cut off points of the filter,
f is the phase response of pre-correlation band pass filter, and

w isthe frequency.
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Appendix F
Operationa Considerations

This appendix describes operationa consderations for LAAS that are an extension of the basic
Category | leve of service. Additiona descriptions on tuning the LAAS approach and future
gpplications can be found in the FAA LAAS Concept of Operations Document.

F-1. PRE-FLIGHT PLANNING

Pre-flight planning should be similar to the requirements for current source referenced (VOR,
DME, NDB, TACAN etc.) navigation and approach systems. Thisincludes checking for service
availability (eg., satellite geometry), weether, dternate planning, and other smilar actionsto
planning for the route of flight and destination. A NAS-wide information system (i.e.,

NOTAMYS) didtributes timely and consstent information across the NAS for both user and
service provider planning.

The pilot should follow the specific start-up and sdf-test procedures for the GPS receiver as
outlined in the FAA AFM or Hight Manua Supplement. Aircraft that are navigeating by GPS are
considered to be RNAV-equipped aircraft and the appropriate equipment suffix should be
included in the Air Traffic Contral (ATC) flight plan.

F-2. TERMINAL

Termina navigation operations are dependent upon the ability to position arcraft within the
designated operationa coverage of GPS/LAAS. GPSLAAS may be tuned and used to correct
aRreaNAVigation (RNAV) position during en-route and termind operations using the Pogition,
Veocity, and Time (PVT) output of the GPS/LAAS recaiver in conjunction with asuitable
RNAV sysem. The enunciated navigation source will indicate the lateral navigation mode, and
that GPSILAAS is selected and available.

F-3. TUNING AND ANNUNCIATION

Filotswill sdect the LAASGPS gpproach for the runway of intended landing and tune the
receiver to the LGF frequency to establish the datalink (data channel), which provides the
precison guidance for the GPS/LAAS fina approach. After GPSLAAS s tuned and the
approach is selected, deviation indicators and the shortest distance for the aircraft to the
threshold are displayed to the pilot. The display of deviation datais independent of the
minimums to which the operation is being conducted. The needle sengtivity on the display
indicator for both lateral and vertical deviations increases due to the emulation of an angular
convergence of the locdlizer and glide dope origins.

F-4. FLIGHT INSTRUMENT PRESENTATION

F - 4.1.Laterd Deviation

The LAAS airborne equipment provides proportional guidance for latera course deviation and
verticd path deviation within a+35° lateral sector about the find approach path.

F-1
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Angular Sensitivity, Value
Linear Sensitivity, Defined by FPAP, RDP and

0.3nm \ Course Width Linear Sensitivity,

1nm

Linear Sensitivity,
Course Width

(optignal)
-

Course Width l Procedure
i T Centerline

Length Offse_t*é 1nm

Figure F1. Latera Deviation

Laterd full-scale deviation can be based upon two independent characterigtics, angular or linear.
When an aircréft is outsde of the 35° laterd guidance ares, full-scale deviation is displayed.
Laterd deviation, in dl cases, islinear and has awidth of +1.0 nm to a point gpproximately 28
nm from the landing threshold. At this point, lateral deviation decreases angularly (at between
1.5° and 2.0°) to a point +350 ft abeam the landing threshold. Laterd deviation at the threshold
may continue ether angularly or linearly. Angular laterd deviation mirrors current precision
approaches to the departure end of the runway. Alterndively, laterd deviation may continue
linearly, £350 ft from the runway centerline to the departure end of the runway. At the departure
end of the runway, laterd deviation is linear (+0.3 nm from the extended runway centerline) to a
trangtion point (turn guidance, dternative clearance) or to the limits of the standard service
volume,

F - 4.2.Veaticd Deviation

The verticdl path deviation digplay has a dynamic range less than or equal to

a  =10ft a runway threshold, increasing with along-track distance at asplay angle of + the
find gpproach segment glide path angle divided by four and

b.  maximum deviaion dynamic rangeis +500 ft.

The resolution of the vertica path deviation data available for display is a least 1/256 of the full-
scale deviation value. The vertical deviation display, as well asthe display dynamic range, is
updated a aminimum of 5 Hz.

F - 4.3 Digance

The distance to runway threshold display is displayed asthe totd distance from the aircraft
measured position to the runway threshold, with arange of 60 nm and aresolution of 0.1 nm.
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F-5 LOSSOF GPSLAASGUIDANCE

During any phase of the LAAS Category | approach, when the LAAS service degrades to the
level where the system can no longer provide lateral guidance, or lateral and vertical guidance
with the required leve of safety, the pilot is derted that both the laterd and vertical guidanceis
invalid, consstent with the current presentations of the particular cockpit. Anytime an aircraft
loseslatera guidance during an approach, the pilot will comply with missed approach
indructions or proceed visudly and natify Air Traffic Control (ATC).

In the event that the GPS/LAAS service degrades such that the vertical guidance can no longer
be provided with the required level of service but the lateral guidance isvalid, the pilot is derted
that the vertica guidance only isinvalid. In this condition, the aircraft may continue the
approach to the published laerd minimums

F—-6. CATEGORY | PRECISION APPROACH OPERATIONS

The service provided by Category | precison systems ILS and MLS supports the standard
decison height to 200ft (60m) and vighility to &atute mile (800m) or runway visud range

(RVR) to 1800ft (550m). These systems will also support autoland and heads-up display (HUD)
guidance systems to Category |1 minimums when authorized by appropriate Operations
Specification. The service provided by LAASwill support the same minimums, operaions, and
procedures as current precison landing systems (ILS and MLYS) including pardld
dependent/independent operations.

F - 6.1.LANDING/ROLLOUT

Category | LAAS will support autoland for exercisng system under Category | vighility
conditions, unless otherwise stated on the published approach.

F - 6.2.CAT | MISSED APPROACH

During missed approach the GPSILAAS flight instrument display will change from an angular to
linear digplay with a+ 0.3 nm sensitivity and full scale deflection of the CDI when the arrcraft
position is past the LTP (i.e,, when distance to LTP is anegative vaue), the Altitude is® TDZE

(or LTP dtitude) plus 200 ft (CAT I1), and glidedope deviationis3 150 nma (full scae deection)
above the center of the glidedope. Thiswill be maintained to atrangition point (turn guidance,
dternative clearance) or to the limits of the sandard service volume.

F - 6.3.LOSS OF GPSILAAS GUIDANCE

For LAAS Category | approach, during any phase of the approach, when the LAAS service
degrades to the level where the system can no longer provide guidance with the required level of
safety, the pilot isto be derted that the guidance isinvalid, consstent with the current
presentations of the particular cockpit.

In the event that the LAAS service degrades such that the vertical guidance can no longer be
provided with the required level of safety; however, the aircraft is established on the gpproach on
the glidepath, the arcraft may continue to published lateral minimums. If the laterd function

does not meet operationd requirements vertical and laterd guidance is"flagged” and the
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gpproach isdiscontinued. If the full LAAS capatiility is unavailable prior to glidepath intercept,
the aircraft must revert to another form of navigation.

F—-6.4. DISPLACED THRESHOLD OPERATIONS

When an airport closes a segment of arunway, the landing threshold is displaced. Airport
Management and Airway facilities prepare NOTAMS advising users of the runway status and
goppropriate NAVAID limitations. Under these conditions, Airway Facilities removesthe
vertical guidance until norma runway operationsresume. If sufficient lead time is available,
precision approaches to a displaced threshold can be flight checked for accuracy and
implemented. Thiswill increase CHT protection by having a precision approach, aswell as
maintain arport capacity by enabling operations to continue without having to use a norr
precision approach to the runway or changing to a non-optimum runway configuration.

The cgpahiility to remove vertica guidance alows for continued non-precision operationsto a
displaced threshold mirroring operationsin today’ s air traffic management system

F-7. LOWVISBILITY SURFACE OPERATIONS

LAAS will support future capabilities for surface navigation and dependent surveillance for
arcraft and vehicles. This capability is provided through the PV T output and requires an RNAV
capability (eg., GPSor FMS). Future LAAS-based ground navigation capabilities are
anticipated to include the ability to provide specified paths points and ingtructions through the
VHF Data Broadcast (VDB) data link, and communications with the ground controller through
other digitd datalinks.

The objectives of LAAS-based ground navigation in an Advanced Surface Movement Guidance
and Contral System (A-SMGCYS) include:

improve airport safety by preventing runway incurson and aircraft conflicts

b. improve arport capacity through the more efficient, direct, and coordinated pathsto and
from runways and gates,

c. achieve savings through reduced taxi times and provide the most efficient paths between
runways and gates.

F-8. USAGE OF LGF TEST AND ALARM INDICATORS

RTCA/DO-246 adlows for severa fields wherein an approach is deemed unusable. A description
of those fields and there usage is described.

F - 8.1. Message Block Identifier

The message block identifier is part of the message header and is part of each message broadcast.
For Performance Type 1 (PT1), the LGF will broadcast Type 1, Type 2 and Type 4 messages, as
defined in DO-246 (unless noted otherwise). When the message block header is 1010 1010, it is
an indication that the message can be used for navigation. \When the message block header is
1111 1111, itisan indication that the message can not be used for navigation and is offiddly
cdled “Test” in both DO-246 and the Internationa Civil Aviation Organization (ICAO) Ground
Based Augmentation System (GBAS) document. The LGF specification requiresa“ Test Mode”
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in which test conditions can be run or the system is in undergoing maintenance that may cause
the conditions of the LGF radiated Signal to be out of tolerance. Flight inspection will have the
capability to override the test message block header to flight check the LGF signd without
concern that the flying public may usethe sgnd, even if it isNOTAMed out. Thisisnot as
much of a concern for users wishing to fly an approach using the LGF sgnd, but more for
operators in the en-route or termind areathat may be unaware of the NOTAM.

F - 8.2.Blank Type 1 Messages

The Type 1 message provides a“Number of Measurements’ field which indicates the number of
pseudorange corrections contained in the message. When thisfield is set to zero, the approach is
immediately canceled (flagged) by the LAAS arborne receiver. This message field will be
utilized to indicate an darm at the LGF. The time from when the fault is detected to when it is
annunciated at the aircraft includes the fact that the Type 1 messageis broadcast at 2 Hz.

F - 8.3.Ground Continuity |ntegrity Desgnator

The Ground Continuity Integrity Designator (GCID) Fidld is contained in the Type 2 message
and indicates the performance level of the gpproach. This specification addresses Performance
Type 1 only, and isindicated in the GCID message fiddd as001. The LGF requires 111 to be
indicated in the GCID message field when the ground station signa does not comply with PT 1
requirements for integrity. It isimportant to note that while the LGF may bein Teg, the LGF
can change the GCID according to the actud performance leve of the sgnd. If afaultinthe

L GF has been corrected, maintenance or flight ingpection may prefer to perform additiona
checks of the sysem whilein Test, and atrue indication from the GCID of the actud
performance must be provided. If the GCID is broadcasting 001, for PT1, then maintenance will
be assured that corrections are included in the broadcast and not have to monitor the VDB
messages. Conversdly, aGCID of 111 indicates that the system is till unusable and the Number
of Measurements Field has been st to zero.
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Risk Allocation Trees
Integrity Risk Allocation

SIS Integrity Risk
2x107 / approach
MASPS 3.1.2.2and RD 3.2.1.2

|

FAA-E-2937
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Note: Exposure timeis 150 seconds
(MASPS 3.1.2.2).

\

Protection Level Integrity Risk
Fault Free (Hy or Single RR Fault (H)
0.5x107 / approach
MASPS 3.1.2.2.1.1

\

Fault Free Integrity Risk
MASPS 3.1.3.4.6

Single RR Fault Integrity Risk

Pr (H,) < 10%approach
MASPS 3.1.3.4.6
LGF3.1.23

Assumes 12 ranging sources. Assumes the satellite failure rate isless than or equal to 10'4/satellite’hour
(failuresthat are not indicated by the satellite).

Cases Not Covered by Protection Level Integrity Risk
Not Hgnor H

1.5x1077/ approach

MASPS3.1.2.2.1.2

LGF3.1.21

Integrity Risk dueto
Failures in Ranging Sources
1.4x107/ approach

Integrity Risk dueto
All Other Failures
1 x10°8/ approach

LGF 3.1.2.2

1x10®/ approach
Failures:
- Multiple RR
- LGF Failures
- Local Environment
- €lC.

Integrity Risk dueto
VDB Message Corruption
< 5 x10*/ approach (negligible)
MASPS 3.1.221.2
Ensured by CRC
of ICD 4.4.3
LGF32113

\

\

Signal Deformation Integrity Risk

1.94x10%approach/satellite

RFI Integrity Risk
1.94x10%approach/satellite]

Low Signal Level Integrity Risk
1.94x10°%approach/satellite

Code-Carrier Divergence Integrity RisK

1.94x10%approach/satellite

Excessive Acceleration Integrity Risk

1.94x10%approach/satellite

Ephemeris Integrity Risk
1.94x10°/approach/satellite]

\

\

Pr(MD/SD) = 1x10-*[ops]
Pr(MD/SD) = 1.3x10{acq]
LGF3.2.127.31(a)

Pr(MD/RFI) = 1x10%[ops]
Pr(MD/RFI) = 1.3x10-*[acq]
LGF3.21.2.7.3.1(b)
LGF3.21.2.7.3.2(a)

LGF3.2.1.2.7.3.1(c)
LGF3.21.2.7.32 (b)

Pr(MD/LS) = 1x10-Jops]
Pr(MDI/LS) = 1.3x10*[acq]

Pr(MD/DIV) = 1x10Yops]
Pr(MD/DIV) = 1.3x10-*[acq
LGF3.2.1.2.7.3.1(d)
LGF3.21.2.7.3.2(c)

Pr(MD/EA) = 1x1€ [ops]
Pr(MD/EA) = 1.3x10* [acq
LGF3.2127.3.1(¢e
LGF3.2.1.2.7.32(d)

Functional Requirements
LGF3.21.2.7.33
LGF3.21.27.34

ops= when operationa
acq = upon acquisition
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Appendix G
Continuity Risk Allocations
Total SIS Continuity Risk
80 E6
MASPS 3123
|
I I
VDB Failure PL > Alert Limit
11E6 6.9 E-6
MASPS 3.1.2.3.3.1 (amended)
| |
I I I I
Transmission Reception Configuration Change No Configuration Change
10E-6 10E-7 6.8E-6 10E7
LGF 3131 MASPS 3.1.2.3.1 MASPS 312331 MASPS 3.1.2.3.3.2 (amended)
I I
[ | [ |
Channel Message Transmission Message| | RR Failure & Monitor SV Loss
Failure Rate Failure Rate Fault FreeDetection 45E-6
10E-3 10E-3 23 E6 MASPS
MASPS3.1.34.1 LGF3131 LGF3132 Table D-9
I
[ [ |
RR & All Other sigma pr_gnd B-Value

Fault Free Fault Free Detection | | Fault Free Detection
Detections 10E-7 T7E7
143E-6 LGF3212771 LGF 32127561
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Exceptions to the GNSS Based Precison Approach Loca Area Augmentation System (LAAS)
Sgnd-in-Space Interface Control Document (1CD)

TYPE ONE MESSAGE*

Range of
Data Content Bits Used Values Resolution Bytes

Modified Z-count 14 0-1,199.99 0.1sec -
Integrity Parameter Type 2 - 0
ADDITIONAL MESSAGE FLAG

Number of Measurements 5 1-31 1 -

0-18
Measurement Type 3 0-7 1 1
Extended Message Flag - - -
Soare 7 - - 1
Ephemeris CRC 16 - - 2
Source Avalahility Duration 8 0 - 2550 sec 10 sec 1
0—2540 sec

Messurement Block 1

Ranging Source ID 1-255 1 1
Issue of Data (IOD) 0- 255 - 1
Pseudorange Correction (PRC) 16 +327.67m 0.01m 2
Pseudorange Correction Rate (PCR) 16 +32.767 m/s | 0.001 m/s 2
Spr_gnd (UNSigned — note 4) 8 0-5.08m 0.02m 1
B1 8 +6.35m 0.05m 1
B, 8 +6.35m 0.05m 1
Bs 8 +6.35m 0.05m 1
B 8 +6.35m 0.05m 1

Measurement Block N

*Datathat are dl caps and bolded are message types that are worded differently in the LGF

Specification or do not gppear inthe ICD. Datain itdics either do not appear in the LGF

Specification or reflect how the ICD isworded.

H-1
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TYPE TWO MESSAGE*
Range of
Data Content Bits Used Values Resolution Bytes

Ground Sation Operating 2 1-4 - -
Receivers
INSTALLED RECEIVERS
Ground Sation Accuracy 2 - - -
Designator
ACCURACY DESIGNATOR
Ground Sation Health (Spare) 1 - - -
Ground Station 3 0-7 1 1
Continuity/Integrity Designator
Locd Magnetic Variation 8 + 32.0° 0.25° 1

+ 31.75°
Spare 16 - - 2
Refractivity Index 8 + 381 3 1
Scde Height 8 +12,700 m 100 m 1

0 - 25,500

m
Refractivity Uncertainty 8 0- 255 1 1
L stitude 32 + 90.0° 0.0005 4
arcsec
Longitude 32 + 180.0° 0.0005 4
arcsec
Verticd Ellipsoid Offset 24 + 83,886.07 0.01m 3
m

*Datathat are dl caps and bolded are message types that are worded differently in the LGF
Specification or do not gppear in the ICD. Datain itaics either do not gppear in the LGF
Specification or reflect how the ICD isworded.

H-2
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Range of
Data Content Bits Used Values Resolution Bytes

FAS Approach Performance Designator 8 2-212 1 -
DATA SET LENGTH
FASDATA BLOCK 304 - -

Operation Type 4 0-15 - -

Reserved 4 0-15 1 1

SBAS PROVIDER ID

Airport ID 32 - - 4

Runway Number 6 0-36 1

Runway Letter 2 - - 1

Approach Design Information 3 0-7 1 -

APPROACH PERFORMANCE

DESIGNATOR

Route Indicator 5 - - 1

Reference Path Data Selector 8 0-199 - 1

0-48

Reference Path Identifier 32 - - 4

RDP Latitude 32 +900° 0.0005 arcsec 4

LTP/FTP LATITUDE

RDP Longitude 32 +1800° 0.0005 arcsec 4

LTP/FTP LONGITUDE

RDP Height 16 -512.0 - 6041.5 0.1lm 2

LTP/FTPHEIGHT m

FPAP Latitude 32 +90.0° 0.0005 arcsec 4

FPAP Longitude 32 +1800° 0.0005 arcsec 4

Datum Crossing Height (DCH) 15 -512.0- 2764.8 0.1ft -

APPROACH THRESHOLD ft 0.05m

CROSSING HEIGHT (TCH) -200.0- 1438.4

m
0 - 3,276.7 ft
0-1,638.35m

DCH Units Selector 1 - - 2

TCH UNITSSELECTOR

Glidepath Angle (GPA) 16 0-90.0° 0.01° 2

COURSE WIDTH 8 80 —143.75m 25m -

DELTA LENGTH OFFSET 8 0-2,032m 8m -

Final Approach Segment CRC 32 - - 4
FASVAL/APPROACH STATUS 8 0-25.4m 0.1m -
FASLAL/APPROACH STATUS 8 0-50.8m 0.2m -

*Datathat are dl caps and bolded are message types that are worded differently in the LGF

Specification or do not gppear in the ICD. Datain itaics ether do not appear inthe LGF

Specification or reflect how the ICD

isworded.
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Appendix |
Final Approach Segment — Definitions

Flight-Path
Alignment Point
(FPAP) 77

FAS

ath
Glidepath
Angle (GPA)...*"

~ 4~ Clide-Path
— Intercept
Point (GPIP)

A h Threshol i I
pproacH . L(tasfjroc?_'Crossmg »< Landing Threshold Point/Fictitious
eight (TCH) Threshold Point (LTP/FTP)

’ \ Vertical Direction (Normal to WGS-
84 Ellipsoid a LTP/FTP)

Procedure Centerline

Figurel-1. Fina Approach Segment Diagram
| —1. Fina Approach Segment Peth Definition

The Finad Approach Segment (FAS) path isaline in space defined by the Landing Threshold
Point/Fictitious Threshold Point (LTP/FTP), Flight Path Alignment Point (FPAP), Threshold
Crossing Height (TCH) and the Glide Path Angle (GPA). Thelocd leve plane for the gpproach
isaplane perpendicular to the local vertica passing through the LTP/FTP (i.e,, tangent to the
dlipsoid a the LTP/FTP). Locd vertical for the gpproach isnormad to the WGS 84 dlipsoid at
the LTP/FTP. The Glide Path Intercept Point (GPIP) iswhere the final approach path intercepts
thelocd level plane.

| —2. LTP/FTP Definition

The Landing Threshold Point/Fictitious Threshold Point (LTP/FTP) isapoint over which the
FAS path passes a ardative height specified by the threshold crossing height. It isnormally
located at the intersection of the runway centerline and the threshold.

| —3. Find Path Alignment Point Definition

The Hight Path Alignment Point (FPAP) isapoint a the same height asthe LTPIFTP that is

used to define the dignment of the approach. The origin of angular deviationsin the laterd
direction is defined to be 305 meters (1000 ft) beyond the FPAP along the laterd FAS path. For
an gpproach digned with the runway, the FPAP is a or beyond the stop end of the runway.
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Appendix J
Documentation for the LGF

Design oriented documentation:

a  Sydemfunctiond & performance spec with requirements verification matrix tracesble
to FAA LGF specification

b. 1CDsfor externd interfaces, including LGF, MDT, LSP, RSP and ATCU

c. Test plansand proceduresfor DT, PAT, SAT, and OT&E and type acceptance for nor+
federd certification.

Ingtdlation and mai ntenance oriented documentation:

a.  Ingdlation drawings (including information necessary to physicaly ste and operate an
LGF (incdluding RSP & ATCU) inddlation) in accordance with FAA-STD-002.

b. Technica Ingruction Books (TIB) in the same order and containing the same
information as FAA TIBs and in accordance with Technica Instruction Book
Manuscripts: Electronic Equipment Requirements for Part - Preparation of Manuscript,
FAA-D-2494B.

c. Traning Plans

J1



